nuvoTon N76E616 Datasheet 
OQQ)]_]_ 





Nuvoton 1T 8051-based Microcontroller 


N76E616 


Datasheet 


Feb 20, 2016 Page 1 of 179 Rev. 1.01 


nuVvoTON N76E616 Datasheet 
ee OO 


TABLE OF CONTENTS 

1 GENERAL DESCRIPTION <i ese ccscetechewee st occvetiee ce cteccwbe step ehucet cusecectte ed snctecentevtnced ceceedenaressuee soateddnteetseeycecuedennceted 5 
ay | | hs eee one BS So a Sn SS eS 6 
Bs: BLOCK DIAG FAM oi coccera ccc tece a sicearac cheek ad co cenad se feat ce punwotece Devel ax cuczedeacapeettceusselecancechadeuaziteaGadveuccecaateslosenaced ences 8 
4. PIN CONFIGURATION ........ccccccsseceeseeensneeenseeesneeeeseeeenseeesassasaaeenaneeenaesesaaesqseaeeaaeaeseaesasaaesaanaeeneeeeseaesaseaeeasnaeeeees 9 
5. MEMORY ORGANIZATION .......::ccsecceeeeeeseeesneeeeneeeeneeeenaaesasaeeeaseceeeaesesaaesaseeeeaaeeesaesasaaesgseaeseaeesseaesaseeeenseenseas 14 
5.1 Progrart MOMOry: siccveccentectenscdtaviestd dt hercheeeeeencth erate nad bevneeteevett ennai d bedded hadi e a feeaiee 14 

D2 Datta: MO IMMONy csi bee Arcee case ec ace ceca oe eaetaieecaatt ialecsastacnstute Beectaitaneeduap idectathacnstnaapa Secunrtacuanstt lecsattacnsdatt 16 
B:S!OM-GRIP ARAM ssscts cut cenad Ohcend sh eevee cewetnd sin tenpel exced eh ornepa hl seeledsacslcvu al dl oxi iis erage sol eksdin evn dcadbecedat eespeenteends 17 

5.4 Non-Volatile Data Storage ..........cccecccecceeceeseeeeeeee eee eeeeaeeeeaee sense eaaeeseaaeegeeeeseaeeeeeaeeeeaaeseeeeeseeeeeaeeseaeeseeeeess 18 

6. SPECIAL FUNCTION: REGISTER (SER) csccccetcivcctcececceeedcecedeceencceeecctecedensenueseccudedeceeecesnenctuesccececueteseneezecneezdes 19 
7. GENERAL 80051 SYSTEM CONTROOL......0...:sccseseeeeeceeeeeseseeeeneeeeeeeeeesaaesesneeeneeeesaaesaseaeenseeeeseeeescaeseseeeenseaeneas 24 
8. /O PORT STRUCTURE AND OPERATION .........:ecceseeeeeeeeseeeeneeeeeeeeeenaaeennneeeeeeesaesasaeesnseeeeeseasscaesaaeeeenseaeneas 27 
8.1 Quasi-Bidirectional MOCC............ccccccceceeeeeeeeeeeeeeceeeeceaeeeeaeeeeeeeecaaeeeeaaeegeaeeseaeeeseaeeseaaeseeeeeseaeeesaeeeeaeeseeeeess 27 

8:2 Push=Pull MOG ict svcctctencidteveesnectteveneeteeeehts |bantines niet enndeteentteenntiv ee nie thee eins Saati ie ee 28 

8.3 Input-Only MOde ..0....e.ecececeeceeceeeee cece ee eeaeeeeaae ee eeeeeeaeeecaaeeeeaeeseaeeecaaeeeeaaesgeaeeseaeeeeeaeeseaaeseeeeeseaeeesaeeseneeseeneess 29 
8.4:Open-Drain MOG si. ctscccccevaascaceeivectcceaincsiwy heeded Jebac lea etees aden peceney isd ci dbant lea eevansdaosapestneysanaeectacnladevvate entered 29 

8.5 Read-Modity-Write: INStruCtlons «..:.ccccccienccetteneestidencesche neues eth enuescedeedencrtanedeesi neue dthaneeedidaeeee ei daneeebineeeeerts 30 

8:6 Control Registers of I/O: Ports iscicevestedeesdachctensasecn cnet ecteevaanctevtedecdeud atte sedescesdaved tetadestaateaaeasunteeieteecdenes 30 
8.6.1 Input and Output Data Control .........ceccceceeeeeeeeeeeeeee cece cece ae eeeeaeeeeeeseaeeeseaeeseaeeseeeeeseaeeesaeeseeeseeneess 31 

8.6.2 Output Mode’ COntrol vis. catacssseccevnaveahenssacde ces Sevatensyateteatenvdeassaedeuescavedesd aatetiateavvies seateeva seveiantastendens 32 

8.6.3 Input Type and Output Strength Control ...........cceccccceeeeeceeeeeeeeeeeeeeeeeeeeeeaeeeeeeeseneeeseaeeesaeeseeeseeneess 35 

9. TIME R/ COUNTER O AND sacisic cess coca cst eck cheese hee cad erate Se ecedee chine eeteideeceteteeet 38 
9.1 Mode-0:(13-Bit Timen) ics sbevueteeveeirecevttewedt weeeivetentiiedren teil nde eatin eed heer 42 
9.2:Mode"l (1.6-Bit TIMGh) isc ctcctediedeciiesteateoe en eaactuieseriat mieten acct eet ee ae etd ieee 42 

9.3 Mode 2 (8-Bit Auto-Reload Timer).........eecccccessccceeseeceeeeeeeceeeenenceeeeaeeeeeeneeeeeesaeseeeeneneeeeeneeeeeesseneeesenenes 43 

9.4 Mode 3 (Two Separate 8-Bit TiMers)..........:ceccceceeeeeeeeeeeeeeeceeeeeeeaeeeeaaeseeneeeaeeeeaaeseeaaeseeeeseaeeseaaeseeneeseeneess 43 

TOS TIMER 2A/2B/ 26/20 ii cosice ecisstecccwceeceteseace cacsesccuednsaccssctexsnctesuadceusuavs <tedigadeezandusvateraysevsencussutcusycuvesaueseuzecaraneds 45 
10.4 Auto=Reload Mode wuietes feccenrscdtcnsvaedecneceedetes Geccentacedods tuandeea deseedesendecscude cbodehaactead nueva dectevpaneenisbancteats 45 
10:2: PWMMOde ij e2.c2.0, 8 cect Senecio coven eels ied ete eed een i eed 45 
10.3 Control Registers Of Timer 2.........ceecccececeeeseceeececeeeeeeeaeeseaaeeaeeeceaeeeeaaeseaeeseaeeesaaeseeaaeseneeseaeeseaesseneesnaees 47 
MDI cscs oe aed oe tase ccstccta cate unatedatcezencueusenceuatey savas wnccecutuurs sass ace ccuacesutssuscecehuuss sazeuseaecessouseateareacads 53 
12: WATCHDOG TIMER (WD) x si-ccecencceececonecennneennececnececteezssncechencycuacesseesesunteceucnesedscysucecnnencodeczsntesssevendecerenees 55 
12.1 Time-Out Reset Timer secicciscteet ated edi ee edd wet ee et do 57 
12.2: General Purpose. Timer .asci2.ccccnt es ited ceed tiatiidsceeeed a avid secret nd anern lend anevvegdteadecevnstes tae de 58 

13. SELF WAKE-UP. TIMER (WIT) secccise25ccccccetccne seach. decccietecsds escdecctaurs seats tadexcauuessuteessaerebcues suaceesderessouseugecreaners 60 
TAU SERIAL: PORT (UART ) vcceccscctccescc cb cectcecccecvseseenttcecedecvecetsestereuaceesecedeshicentech conudeduteredesseececestuecedeeudesieventeceseueie 62 
TAA MOG 0: icici ecb ctete Hace nce tees dc de nc ee ee ds a cc ec ret 66 
14.2 MOd6 4 i. ence dhei Garde Gk die ee dee dh ede dk de de et dee 67 
14.3! M006: 2: 28h. ci nd iene cde Be ee de ee eed 68 
14.4: M0628 cst. aeitiloatin dated aici dle dde ele itis lar dels led aii etd asia 70 
14.5. Baud Rate vesisccscit cece. cet cheis che nce eee aed ve tcl dee ete tee tili deeds 70 
14,6 Framing Error Detection ons.) cscsecnecacel sees oscex ca taceles bi sceexi Yacels pe oauensy caeens pi sbee is saceldedeceen ys caueles s taceevie Gaeetays fe 72 
14.7 Multiprocessor COMMUNICATION ...........eccceceeeceeeee cece ee eeaeeeeeaeeeeeeeceaeeeeaaeeeeneeceaeeeseaeseeaaeseeeeeseaeeeeaeeseaeeeeaees 72 
14.8 Automatic Address RECOQNItION............eccceeeeeeeeeeeeeee ee eeeeeeeeteaeeeeeeeaeeeeeeaaeeeeeseaeeeeesaeeeeeseneaeeeseneaeeeseeeaees 73 

15. INTER-INTEGRATED CIRCUIT (IC) wnt Ges nsnte ct nent vecuteededatscedeemuesucev ius ii dusueesucuteantidesieseacetesuicesaieshactececedesate 77 
15.1 Functional DeSCription «..:.2....csccccccceseesendeeeecencorsecendersecagcueyeesuteteecencenseesueessecagcenshessdedeeceugerseeseeesnereucuntees 77 
15.1.1 START and STOP Condition ...........ccccccecceeeeeeeeeeeeeeeeeee cae eeeeaeeseeeeseeeeecaaeseeaaeseeeeeseaeeesnaeeseneeseaees 78 

15.1.2 7-Bit Address with Data Forimat..........ceecccceeesseeeeeenneeeeeenaeeeeeeaaeeeeeeaaeeeeeeaaeeeeeeaaeeeseeaaeeeesenaeeeeseaas 79 

VS: Md ACKMOWIGAUGC ssxccetoseiei fc biiiene sted ace ohiet tegaars aeeddnec tas dye tetdit hactand anda cdetaved eetdve Gaetan aeaies teehee gs 80 

WS: Ws AMIE O Mick dec cane ccc dete cease se tvwane dg ec un ce eeduee aq dcsuhtdanseuntddecventeepaiist ed eauultdepensnt dgeacantecsedsenagecutttepeniets 80 


Feb 20, 2016 Page 2 of 179 Rev. 1.01 


nuVvoTON N76E616 Datasheet 
eC OO EEE 


15.2 Control Registers of Pee tected age ec stating ecasaetga te aaaetyetacaaa tet ectestaitceaaaistiatestaaeeeetanteti 81 
15:3 Operating MOGES sacccis ces sisisgeceesiespatedys qeeecuse cee sath sgecee cde andales Geceesds (events aaecbeate ative qeeecee easdbcgeenesia eepeieeas 85 
15.3.1 Master Transmitter Mode .............ceecccceceeecceeeeeeceeeeeeeceeeeneeeeeeenaeceeesaeceeeeneeceeesneeecesneeseeessenaeeeennnes 85 

15.3.2 Master Receiver Mode ............ccccccescccceesseceeeeeeeceeeeneeeeeeeneeeeeeesaeaecesaeeeceseeaeeesneeseceeneneeeeenneaeeennaes 86 

15.3.3 Slave Receiver MOde..........cccccceccceeseeceeececeeeeeeeaeeeeaaeeeaeeeceaeeseaaesaaeeceeeeeseaeseeaaesseeeeseaeeseaaeseeneesnaees 87 

15.3.4 Slave Transmitter Mode ...........ccccccceeeeeeececeeeeecaeeeeaeeceeeeceaeeseaaeeeeeeeceeeeeceaeseeaaeseeeeeseaeeesaeeseeeeeeaees 88 

15:3:5: General Call eiivicctaceshcccdics Gicedvesd obese caegivehsscdedesc ses dyes ieceves Getavees aideiesstees dyes satereseteeduyee aneeaeacddeaness 89 

15.3.6 MiscellaneOUS States ........cccccccecceeceneceeeceeeeeeeceaeeeeaeeseeeeeceaeescaaeedeneeseaeeecaaeseeaaeseeeeeseaeeesaeeeeeeeeaees 90 

15.4 Typical Structure of rc Interrupt Service ROUtING ............cceeeeeeeeeceeeeeeeeeeeeeaeeeeaaeeeeneeseeeesaeeesaaeeeeeeeenaees 91 
Se us ME cca etcetera Dont eels insets Eure cl vectors tonet 94 
15.61°C Lai) 7] ©) eeemeerer meee nrer eee epee ieee per tec eprernccr ren tee reer ctr rer terre mecerecr tecereer meee penr tre ereeraeerree eeererrerer rere rete 95 

WG PUN UN TERR PD osc cra a cass a Se ck sa sae cee cece cae en rack a cos as ee Sedat nsec ece teeta 96 
17. 10-BIT ANALOG-TO-DIGITAL CONVERTER (ADC) .......:cccccseeceseeeseeeeeseeeeeeeeeseaesenaeenseeeeeeesessaesaseeeenseeeeeiees 99 
TA Functional DOSCripton isiscacevsseecacteseccabee vanenis tuedenis vesueiny eccene tb aeuatyfadenevyasneicy addon sey aucul ybeeeenerveseelaybacteneens 99 
TVA ADG Operation cissctcccececten cs aadtausacecseal eveizdidecevieatawedteuvedcedens actancalenctbeeaedtinnd atiedadaceuasevenedaeantcueed 99 

17.1.2 ADC Conversion Result Comparator ...........ccccccceeeceeeeeeceaeeeesaeeeeeeeeeaeeesaaeseeaeeseaeeesaeeeeaeeeeneeeaas 100 

17:2 Control: Registers Of ADG sis. csictacen ca scteestacesicion sacesies adatiy este deteneeeedhs Seachesllas tati Vesdahenseeetedin sveatietaateess 101 

WS TED: DEIN BRR sa soe rear akichc cece esc datececdthc es ce bachcace tence seuss sccaeteacacetvarestsetuaacvecuselscoeidacegchucessatatesacvssucudcucauguats 105 
18.4 Functional: DeSCription sasetecs ceseetoees ceceeevettentetaecncaveteatoeescenens etieoeaneand recede asin neta teenaet 105 
18.2 Control Registers Of LOD ........ccecceecceeeneeceeeee eee eeeaaeeeeneeeeaeeeeaaeeeeaaesaeeeseaeeeeaaeseeaeeseeeeseaeeseaaesseaeesneeeess 112 
18.3 LGD Program FlOW isc: iAisecieeid Sait eiee fete an alia bn ihe testa denn lina alee 114 

19. TIMED: ACCESS: PROTECTION (TA) :.cni:cstccieecccnesteestctssctecesccccstecessencdenceeseuueesuedsssterteucesennutesdnedeuaesctacesents 117 
2OC INTERRUPT. SVS TEM iscsi nosh d ccs caea cede eevee ant cece ce nentiss seupentececevecs sage satewceutessanyveseceuetoeveactesstetsunceecasteese 119 
20:1 Interrupt: OVeEnView: :is.i ein ielee cise i en ee ee eel 119 
20.2: Enabling IMt@rrupts = sesivstccicecceceiesleciteeccceevisedecte elects cdeenteienevised ene denies dietiveeceneevisedns ecemeeneceeaes 119 
20:3: Interrupt Priortes.. tec. v.cc-ccesiditedives cated dareciveade cd Ldetiveace lena cele cee ae 121 
20. A- Interrupt: SOrviCe iis. ceecees tects de eseece shies sedeestee bade idadoevien es icedadeeviee eb dute edaddeeaee addin eedeeveceenesdtedadiennenseeente 126 
20:5 Interrupt Latency .stsnvclstivn ieee Ni eor tn AL i Rie a 126 
20:6 External. Interrupt PINS: ..cci<.s2cesi.cieeiiecleetereeededs clan ended evn eneetined cinder alin dlenaneeedeneccennacdeees 127 

21. IN-APPLICATION-PROGRAMMING (TAP) ........::ecceseessseeeeseeeenseeeeeseensaaeenseeeeaeseaaaesaseeeseseeesnaeeeseaesnseeeenseaeas 129 
21 IAP: Commands». ticcccis thie stistes tes saeie did eeaaeelci evi oie iee hae debe vied dain ieee tee 132 
21:2: IAP User GQuide@ ss ccccik necting A RA 133 
21.3 Using Flash Memory as Data Storage.........cccccccceeeeeeeeceeeeeceneeeeaaeeeeaeeseeeeeseaeeesaaeeeeeeeseeeeesaeseeaeseseeeeeas 133 
21.4 In-System-Programming (ISP).........:ccccceceeeeeceeeeeeeaeeeeeeeseeeeeceaeeeceaeegeaeeseeeeesaaeeeeaaesseeeeseeessaeeeeeeseeeeeeeas 135 

22. POWER MANAGEMENT .........2:ccssseeceeeeeeesecesneeeeeneeeeeeeenaaesannee ea neeeseaesesaaesnseeeeaesegaaesaneeeenseeessaesasnaesnseeeesseaeas 140 
22 A AIG MOOG shire sacs cas cdsdanec eke vuagecdadces sacs dyasc devel vasdecpasesdedesssiaadeesd peeves qebdiveasacdabss cietdvns catered eideuni te sateaesasaaers 141 
22.2 POWer-DOWMl MOOG iis, :.222:dsssecceseescactevsdendedhasenccavssendeshsscecthesqeedevhacceerayégeueesha.cectuydeud<¥hsseas rah enseevhaccectens 141 

232 CLOCK SYS TEM ives cccccseececcencccececessceceecctcocedestiessncctcenadesuiercnectenuecnstderdessieanctestcetvensicesnesstceeeenstdesstesseeteecetdess 143 
23:1 COCK: SOURCES es sssecd.xes fcc ss saetincaee Paces sys Garneuae (oeatey lh detrensas Savgeies Goveesie (Gp cats Getecsia leevdesdeeeeess Gye deeases eae 143 
23: 1:1 Intermal:OSCiAtOMs seirecssessaiec des sacesdes foacecvsece dele sezedvesdecetvtctedvpiascdedeashaastes sateeesdearbessnseieesceaars 144 

23.1.2 External Crystal/Resonator or COCK INDUt..........ececececeeeeeeeeeeeeeceeeeeeeaeeeeaeeeeceeeseaeeesaeseeaaeseeeeeeeas 144 

23.2 System Clock SwitChing ...........ccccccccceseeeceeeeeceeeeeeaeseeneeeaeeeceaeseeaaessaaeeseeeeecaaesseaaesgneecseeesaeseeaaesseneeseas 144 
23.3 SYStSIM GIOCK: DiViGet os. access saccades faces sys jet cise Gesaeia aces sas (ang pa antec (oi caspeysbeceiel enstlpsqeansvvelepeati deaterestecdiane 147 
23.4 System Clock Output ..........ccccccccceceeeceeeceeeeeeeceeeeeeeaeseeaeeceaeeeceaeeseaaesaaaeesaeeesaaesseaaesgneeseeeessaaeseeaaesseneeseas 147 

24: POWER MONITORING i wo iccicetefecevsces cece tecccceteeceeceene seated bdeetedtcesunaetsueeestbeenceessogecectueeessedeoGuqeetcers canttacececeneedde 149 
24.1 Power-On Reset (POR) .......::ccccccccceeeseeeeeeeeeceeeeeeeaeeeeaeeeaeeecaaeeeeaaesaaeesaeeesaaesseaaesgeneeseaeeesaeseeaaessaneesaas 149 
24.2 Brown-Out Detection (BOD) ..........cc:ccceseeeeeeeeeceeeeeaeeeeaeeeeeeeeceaeeesaaeedeeeeseaeeesaaeeeeaaeseeeeeseaeeesaeeeeaeseeeeeeaas 149 

ZOO RES EU itsstecieses coecketi hal tesce cece eegeutbesdteveutecd ceubeattcevseeu duauasitu evades suabotheuevadstunteseuauuceded oct taetccuuethce eis; tuewuetecbaude 154 
25.1 Power-On ReSEt .......c:ccceeeceeceeeeeeeecaeeeeeae cence ceaeeecaaeseeaeeseeeeecaaeeesaaesgeaeeseeeeeseaeeseaaesdeeeeseeeescaeeeeeeseeeeeeaas 154 
25.2 Brown-Out RESEt ..........c:ccceecceceeeceeeeeeeeeaeeeeeeecaeeeeaaeseaaesaeeeceaeeeeaaesaaeesaeeesaaeeseaaeseeeeseaeeesaesseaaessaneeeaas 154 
253 EXIOMMAl RES Cleves cteshaseece ce resideceasvetncoeseies hnsudecaeusldecceusueecaescdeceeasutecteuaddeceaubeteenessege anssubeeaeasideceetuencas 155 


Feb 20, 2016 Page 3 of 179 Rev. 1.01 


nuVvoTON N76E616 Datasheet 





25.4 Watchdog Timer ROSCA ...........::cscccceceseeeee essence eeseeeeeensaaeeesaaeeeesesaenseseaaaesesseaaeseseaaeeeeeeaeeeseeeeeaeneesenaess 156 
25.5 SOMWaALES.RESEbiivscsccccessesctivisenccdssecectavscendsdesseaccdvsgeaecdhescactavssendsdssceassdveeeecdeescestavsaeedsdesseaccdbewsrcdhascastaae 156 
25.6 BOO SC Gl isncceinstsncdawssndbeizazecccatlenadsdvadecslaviensoeavsdecccatenededdsdacsdavsaadbeavadecccattenadsdvadacslaviandoeavadedccateeaedeaad 157 
25.7 RESCUE SIAC a: cctivsieeccivesentctasdencctvesandsivesncs cave saacedssGenccdvescessisceeslavsdentedasgeacstaasaedsdvesads caedeacedasGeaccatecestsiie 158 
26. AUXILIARY FEATURES ©iscinc.ccccccticecceecsceccccsstecscecsceeucsncevdaecccoutcestderdessuessbecsedetvuncicesseesudeteeostdeshadsaentvenctdese 159 
26:1 DU ali DP TRS 's sc:vesecedexecn aces sxactccshe sarceuyiccedevll oanaeeyiacienssiues Said pi Geecexie cnn salpbaseensve: aneiestadevdasasatiedaseeeseal deals 159 
26-2: 96-Bit UNIQue COME inc. vcdccsaseccasndensdecvescccduesacaecevadecedaunessdaspeseecesieeaeeatpadsaceaddecwdassasacdsabaereas¥assaceetsenedaae 160 
27. ON-CHIP-DEBUGGER (OCD).......::cccceeceseeeeteeneeeeeeeeeesaesenneeeneeeesaaesasaaesnseeeeaesesaaesaseeesnseaessesaseaesaaeaeeseeaeas 161 
210 PUNCONAl DESCIIPUION sccsry seas s2 ses hed Bald even nex ioad de Siacdec fh do cetwd ct becwvadcdddeus. hdc Madd eceuwianleNvardedismawcdecsey 161 
27.2. Limitation Of OGD ceciassesstiassoncctvsssactavsceeicdnsseacsdvscencsdesscacsavsanedsdvascacsivsenessdhascastavseaededesseaccdvbeseesdesseastaas 161 
28. IN-CIRCUIT-PROGRAMMING (ICP) .........ccsssccseeeeeeeeeeeeesenneeeneeeeseaesasaaeensneeeneeesaaesaqaeesneeeessaesdsnaesaaneeeneeaeas 163 
29. CONFIG) BY DES wcceicsaciisse cece aecaceirat elect ad fo acirade, Pesecesacwatce) ev etadsuacaseacetveely duccesecegeechaceussevencedeceberasestasnersuadeets 164 
SO INSTRUCTION SED iciciesccscces caste asec codecs Sabieet ep pecdce teabeetd eveshnes uadeeeceuecsaiy Succes teuuceaty cuateveteneesaieteisetsewuetecpceve 167 
31. ELECTRICAL. CHARACTERISTICS ssccsccsccetsices scot coccetsceee vate cuncereednc ctl eueeedesieucceueednuet sotuacdebe duces trsenceseuddede 171 
31.1 Absolute Maximum RatingS 200.2... .ccceeceeeeeecneeeeeeeneee erence ee eaeeeeeseaeeeeeseaeeeeeeeaeeeeesaeeeeeseeeaeeeseeeaeerenenaees 171 
31.2 D.C. Electrical Characteristics ..........ccccecscecececeeeeeeeeeeeceeeeeceaeeeeeaeeseaeeseeeeesaaeeesaaeeeeneeseaeeescaeeeeaeeseeeeeeaas 171 
31.3 A.C. Electrical CharacteristiCs ..........ccccceeseeceeeeeeceeeeeeeeeeeeeecaaeeeeeaeedeaeeseeeeesaaeessaaeeeeeeeseeeesaeeeeeeseeeeeeeas 174 
31.4 Analog Electrical CharacteristiCs ...........ccccececccecseeeeeneeeeeeeecaeeeeaaeeseeeeseaeeeseaeeeeaaeeeeeeeseaeeesaeeeeaeseeeeeeaas 175 
32./PACKAGE DIMENSIONS 5 oceccic secs soecss bee cate decease eee ada ceca eerie 178 
33. DOCUMENT REVISION HISTORY .......::::cccsseeeeeeeeeseeeeceeeseeeenseeeseaese anaes seeeeaesesaaesaseeeenseeessaeseseassnseeeenseaeas 179 


Feb 20, 2016 Page 4 of 179 Rev. 1.01 


nuVvoTON N76E616 Datasheet 


1. GENERAL DESCRIPTION 


The N76E616 is an embedded flash type, 8-bit high performance 1T 8051-based microcontroller. The 


instruction set is fully compatible with the standard 80C51 and performance enhanced. 


The N76E616 contains an up to 18K Bytes of main Flash called APROM, in which the contents of 
User Code reside. The N76E616 Flash supports In-Application-Programming (IAP) function, which 
enables on-chip firmware updates. IAP also makes it possible to configure any block of User Code 
array to be used as non-volatile data storage, which is written by IAP and read by IAP or MOVC 
instruction. There is an additional Flash called LDROM, in which the Boot Code normally resides for 
carrying out In-System-Programming (ISP). The LDROM size is configurable with a maximum of 4K 
Bytes. To facilitate programming and verification, the Flash allows to be programmed and read 
electronically by parallel Writer or In-Circuit-Programming (ICP). Once the code is confirmed, user can 


lock the code for security. 


The N76E616 provides rich peripherals including 256 Bytes of SRAM, 256 Bytes of auxiliary RAM 
(XRAM), up to 46 general purpose I/O, two 16-bit Timers/Counters 0/1, one 16-bit Timer 2 group with 
four auto-reload or PWM timers, one Watchdog Timer (WDT), one Self Wake-up Timer (WKT), one 
16-bit auto-reload Timer 3 for general purpose or baud rate generator, two UARTs with frame error 
detection and automatic address recognition, one Re eight-channel shared pin interrupt for all I/O, 
one 10-bit ADC, and the LCD driver for up to 180 pixels. The peripherals are equipped with 17 


sources with 4-level-priority interrupts capability. 


The N76E616 is equipped with five clock sources and supports switching on-the-fly via software. The 
four clock sources include 2 MHz to 16 MHz high-speed external crystal/resonator, 32.768 kHz low- 
speed external crystal/resonator, external clock input, 10 kHz internal oscillator, and one 11.059 MHz 
internal precise oscillator that is factory trimmed to +1% at room temperature. The N76E616 provides 
additional power monitoring detection such as power-on reset and 4-level brown-out detection, which 


stabilizes the power-on/off sequence for a high reliability system design. 


The N76E616 microcontroller operation consumes a very low power with two economic power modes 
to reduce power consumption — Idle and Power-down mode, which are software selectable. Idle 
mode turns off the CPU clock but allows continuing peripheral operation. Power-down mode stops the 
whole system clock for minimum power consumption. The system clock of the N76E616 can also be 
slowed down by software clock divider, which allows for flexibility between execution performance and 


power consumption. 


With high performance CPU core and rich well-designed peripherals, the N76E616 benefits to meet a 


general purpose, home appliances, or motor control system accomplishment. 
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2. FEATURES 





@ CPU: 


Fully static design 8-bit high performance 1T 8051-based CMOS microcontroller. 


Instruction set fully compatible with MCS-51. 

— 4-priority-level interrupts capability. 

— Dual Data Pointers (DPTRs). 
@ Operating: 

— Wide supply voltage from 2.4V to 5.5V. 

— Wide operating frequency up to 16 MHz. 

— Industrial temperature grade: -40°C to +105. 
@ Memory: 

— Upto 18K Bytes of APROM for User Code. 


— Configurable 4K/3K/2K/1K/OK Bytes of LDROM, which provides flexibility to user developed 
Boot Code. 


— Flash Memory accumulated with pages of 256 Bytes each. 

— Built-in In-Application-Programmable (IAP). 

— Flash Memory 20,000 writing cycle endurance. 

— Code lock for security. 

— 256 Bytes on-chip RAM. 

— Additional 256 Bytes on-chip auxiliary RAM (XRAM) accessed by MOV*X instruction. 
— UID (unique code). 


@ Clock sources: 


11.059 MHz high-speed internal oscillator trimmed to 1%, +5% in all conditions. 
— 10 kHz low-speed internal oscillator. 

— 2 MHz to 16 MHz high-speed external crystal/resonator. 

— 32.768 kHz low-speed external crystal/resonator. 

— External clock input. 

— On-the-fly clock source switch via software. 


— Programmable system clock divider up to 1/512. 
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@ Peripherals: 


— Up to 45 general purpose I/O pins and one input-only pin. Four pins provide normal/high 
current selected via software. 


— Standard interrupt pins INTO and INT1. 
— Two 16-bit Timers/Counters 0 and 1 compatible with standard 8051. 


— One 16-bit Timer 2 group with four timers 2A/2B/2C/2D, auto-reload mode and PWM mode 
supported. 


— One 16-bit auto-reload Timer 3, which can be the baud rate clock source of UARTs. 


— One programmable Watchdog Timer (WDT) clocked by 10 kHz internal source, functions as 
time-out reset timer or general purpose timer. 


— One dedicated Self Wake-up Timer (WKT) for self-timed wake-up for power-reduced modes. 
— Two full-duplex UART ports with frame error detection and automatic address recognition. 
— One ’c bus with master and slave modes, up to 400 kbps data rate. 


— Eight channels of pin interrupt, shared for all I/O ports, with variable configuration of edge/level 
detection. 


— One 10-bit ADC, up to 300 ksps sampling rate, with hardware conversion result compare. 
— LCD driver with 4 COM / 32 SEG or 6 COM / 30 SEG configuration. 

@ Power management: 
— Two power reduced modes: Idle and Power-down mode. 

@ Power monitor: 


— Brown-out detection (BOD) with low power mode available, 4-level selection, interrupt or reset 
options. 


— Power-on reset (POR). 
@ Strong ESD and EFT immunity. 
@ Development Tools: 
— Nuvoton On-Chip-Debugger (OCD) with KEIL development environment. 
— Nuvoton In-Circuit-Programmer (ICP). 
— Nuvoton In-System-Programming (ISP) via UARTs or Nuvoton ISP programmer. 


@ Part numbers and packages: 


Part Number APROM LDROM 
N76E616AL48 18K Bytes shared with LDROM Up to 4K Bytes LQFP-48 
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3. BLOCK DIAGRAM 


Figure 3-1 shows the N76E616 functional block diagram and gives the outline of the device. User can 


find all the peripheral functions of the device in the diagram. 
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Figure 3-1. Function Block Diagram 
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4. PIN CONFIGURATION 








9'Ed/LSY 
GEd/ADd91/4NG9O 
vEd/Vdd9I/Vdd90 
O'Od/ONIV/OL 
'0d/ENIV/O.LNI 

2 Od /2NIV 

Od /ENIV 
vOd/PNIV 
G'0d/SNIV 

90d /9NIV 































































































COMO/P 1.0 @ P0.7/AIN7/CLO/SEG31 














COM1/P1.1 P3.3/Xour/SEG30 
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COM3/INT1/P1.3 P3.1/T2DO2/SEG28 

















COM4/SEGO0/P4.0 P3.0/T2DO01/SEG27 


N76E616AL48 


SEG2/P4.2 7 3 P5.6/RXD_1/SEG25 
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SEG6/P4.6 P5.2/SEG21 


























SEG7/T1/P1.4 P5.1/SEG20 































































































9LDAS/G Sd 


8DA4S/LOVEL/S bd 
6DAS/ZOVEL/9 ld 
OLDAS/LOde L/L bd 
LL DAS/2O8e2L/0'ed 
@-O3S/OXu/bed 
€LDAS/OXL/2'ed 
VLOAS/VAS/E'%d 
GLOAS/IOS/bed 
LZIL9DAS/lLOO02L/9'ed 
8LOAS/ZO0?L/Z ed 
6LOAS/OGVLS/0'Sd 





Figure 4-1. Pin Assignment of LQFP-48 Package 
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Table 4-1. Pin Description 


 einanber = | Multi-Function Description" 
LQFP-48 


POWER SUPPLY: Supply voltage Voo for operation. 
GROUND: Ground potential. 


PO[7:0] PO: Port 0 is a bit-addressable, 8-bit I/O port. After reset, all pins 


are in input-only mode. 

PO.0: Port 0 bit 0. 
43 P0.0/AINO/TO AINO: ADC input channel 0. 

TO: External count input to Timer/Counter 0 or its toggle output. 
42 


PO.1: Port 0 bit 1. 

PO.1/AIN1/INTO AIN1: ADC input channel 1. 

INTO: External interrupt 0 input. 

PO.2: Port 0 bit 2. 

porns AIN2: ADC input channel 2. 
PO.3: Port 0 bit 3. 

PONS AIN3: ADC input channel 3. 
PO.4: Port 0 bit 4. 

COANE AIN4: ADC input channel 4. 


7 
| 
| 
PO.5: Port 0 bit 5. 
eye AIN5: ADC input channel 5. 
PO.6: Port 0 bit 6. 
Ruieas AIN6: ADC input channel 6. 
PO.7: Port 0 bit 7. 
AIN7: ADC input channel 7. 
36 P0.7/AIN7/CLO/SEG31 GLO: System clock output 
SEG31: LCD segment 31 output. 
P 


; 1: Port 1 is a bit-addressable, 8-bit I/O port. After reset, all pins 
P1[7:0] ie 
are in input-only mode. 
P1.0: Port 1 bit 0. 
i iii COMO: LCD common 0 output. 
P1.1: Port 1 bit 1. 
: Piven COM1: LCD common 1 output. 
P1.2: Port 1 bit 2. 
3 puaicOMe COM2: LCD common 2 output. 
P1.3: Port 1 bit 3. 
P1.3/INT1/COM3 INT1: External interrupt 1 input. 
COM3: LCD common 3 output. 


P1.4: Port 1 bit 4. 
P1.4/T1/SEG7 T1: External count input to Timer/Counter 1 or its toggle output. 
SEG7: LCD segment 7 output. 


12 . 
P1.5: Port 1 bit 5. 
13 P1.5/T2A01/SEG8 T2A01: Timer 2A output 1. 
SEG8: LCD segment 8 output. 
14 : 
5 


P1.6: Port 1 bit 6. 
P1.6/T2A02/SEG9 T2AO2: Timer 2A output 2. 
SEG9: LCD segment 9 output. 


P1.7: Port 1 bit 7. 
P1.7/T2BO1/SEG10 T2BO1: Timer 2B output 1. 
SEG10: LCD segment 10 output. 


{ 
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Table 4-1. Pin Description 


Symbol Multi-Function Description” 


P2: Port 2 is a bit-addressable, 8-bit I/O port. After reset, all pins 
are in input-only mode. 


P2[7:0] 


P2.0: Port 2 bit 0 
P2.0/T2BO2/SEG11 T2BO2: Timer 2B output 2 
SEG11: LCD segment 11 output 


P2.1: Port 2 bit 1 
P2.1/RXD/SEG12 RXD: Serial port 0 receive input 


16 
17 
18 


P2.4: Port 2 bit 4 
P2.4/SCL/SEG15 SCL: | C clock 
SEG15: LCD segment 15 output 
P2.5: Port 2 bit 5 
P2.5/SEG16 SEG16: LCD segment 16 output 


P2.6: Port 2 bit 6 
P2.6/T2CO1/SEG17 T2CO1: Timer 2C output 1 
SEG17: LCD segment 17 output 


P2.7: Port 2 bit 7 
P2.7/T2CO2/SEG18 T2CO2: Timer 2C output 2 
SEG18: LCD segment 18 output 


P3: Port 3 is a bit-addressable, 7-bit I/O port. P3.6 is a dedicated 
input-only pin if available. 


P3.0: Port 3 bit 0. 
P3.0/T2D01/SEG27 T2DO1: Timer 2D output 1. 


P2.3: Port 2 bit 3 


ye) = 
oO oO 


P2.3/SDA/SEG14 SDA: | C data 


21 
22 
3 


2 


SEG14: LCD segment 14 output. 


SEG27: LCD segment 27 output. 
P3.1: Port 3 bit 1. 
P3.1/T2D02/SEG28 T2DO1: Timer 2D output 2. 


32 
33 
SEG28: LCD segment 28 output. 


P3.2: Port 3 bit 2 available only when HXT, LXT, or ECLK is not 
used 


XIN: If HXT or LXT is used, XIN is the input pin to the internal 
inverting amplifier. If the ECLK mode is enabled, XIN is the 
external clock input pin. 


SEG29: LCD segment 29 output. 
P3.3: Port 3 bit 3 available when HXT or LXT is not used. 


Xout: If HXT or LXT is used, XOUT is the output pin from the 
internal inverting amplifier. It emits the inverted signal of XIN. 


SEG30: LCD segment 30 output. 


P3.4: Port 3 bit 4. 
P3.4/ICPDA/OCDDA ICPDA: ICP data input or output. 
OCDDA: OCD data input or output. 


P3.2/XIN/SEG29 


oO 


KR (ee) 


P3.3/XouT/SEG30 
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Table 4-1. Pin Description 


i senna = Symbol Multi-Function Description” 
LQFP-48 


P3.5: Port 3 bit 5. 
47 P3.5/ICPCK/OCDCK ICPCK: ICP clock input. 
OCDCK: OCD clock input. 


P3.6: Port 3 bit 6 input pin available wnen RPD (CONFIGO.2) is 
programmed as 0. 

P3.6/RST RST: RST pin is a Schmitt trigger input pin for hardware device 
reset. A low on this pin resets the device. RST pin has an internal 
pull-up resistor allowing power-on reset by simply connecting an 
external capacitor to GND. 


a. ee 0] a. Port 4 is a byte- ictal ee 7-bit I/O port. After 
reset, all pins are in input-only 


P4.0: Port 4 bit 0. 
P4.0/SEG0/COM4 SEGO: LCD segment 0 output. 
COM4: LCD common 4 output. 
P4.1: Port 4 bit 1. 
P4.1/SEG1/COM5 SEG1: LCD segment 1 output. 
COM5: LCD common 5 output. 
P4.2: Port 4 bit 2. 
pts pees SEG2: LCD segment 2 output. 
P4.3: Port 4 bit 3. 
a ae Paw ees SEG3: LCD segment 3 output. 


P4.4: Port 4 bit 4. 

pa ee SEG4: LCD segment 4 output. 
P4.5: Port 4 bit 5. 

leis SEG5: LCD segment 5 output. 
P4.6: Port 4 bit 6. 

paeieeee SEG6: LCD segment 6 output. 


P5[7:0] P5: Port 5isa we ecreaeies 8-bit I/O port. After reset, all pins 
are in input-only 


P5.0: Port 5 nit a 
P5.0/STADC/SEG19 STADC: External start ADC trigger. 


SS CGD sega 23 output. 


P5.6: Port 5 bit 6. 
P5.6/RXD_1/SEG25 RXD_1: Serial port 1 receive input. 
SEG25: LCD segment 25 output. 


P5.7: Port 5 bit 7. 
P5.7/TXD_1/SEG26 TXD_1: Serial port 1 transmit data output. 
SEG26: LCD segment 26 output. 


[1] All I/O pins can be configured as an interrupt pin. This feature is not listed in multi-function description. See 
Section 16. “Pin Interrupt” on page 96. 
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Figure 4-2. Application Circuit with External Crystal 
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5. MEMORY ORGANIZATION 


A standard 80C51 based microcontroller divides the memory into two different sections, Program 
Memory and Data Memory. The Program Memory is used to store the instruction codes, whereas the 


Data Memory is used to store data or variations during the program execution. 


The Data Memory occupies a separate address space from Program Memory. In N76E616, there are 
256 Bytes of internal scratch-pad RAM. For many applications those need more internal RAM, the 
N76E616 provides another on-chip 256 Bytes of RAM, which is called XRAM, accessed by MOVX 


instruction. 


The whole embedded flash, functioning as Program Memory, is divided into three blocks: Application 
ROM (APROM) normally for User Code, Loader ROM (LDROM) normally for Boot Code, and CONFIG 
bytes for hardware initialization. Actually, APROM and LDROM function in the same way but have 
different size. Each block is accumulated page by page and the page size is 256 Bytes. The flash 
control unit supports Erase, Program, and Read modes. The external writer tools though specific I/O 
pins, In-Application-Programming (IAP), or In-System-Programming (ISP) can both perform these 


modes. 
5.1 Program Memory 


The Program Memory stores the program codes to execute as shown in Figure 5—1. After any reset, 
the CPU begins execution from location OOOOH. 


To service the interrupts, the interrupt service locations (called interrupt vectors) should be located in 
the Program Memory. Each interrupt is assigned with a fixed location in the Program Memory. The 
interrupt causes the CPU to jump to that location with where it commences execution of the interrupt 
service routine (ISR). External Interrupt 0, for example, is assigned to location O003H. If External 
Interrupt 0 is going to be used, its service routine should begin at location OOO3H. If the interrupt is not 


going to be used, its service location is available as general purpose Program Memory. 


The interrupt service locations are spaced at an interval of eight Bytes: 0003H for External Interrupt 0, 
OOOBH for Timer 0, 0013H for External Interrupt 1, 001BH for Timer 1, etc. If an interrupt service 
routine is short enough (as is often the case in control applications), it can reside entirely within the 8- 
Byte interval. However longer service routines should use a JMP instruction to skip over subsequent 


interrupt locations if other interrupts are in use. 


The N76E616 provides two internal Program Memory blocks APROM and LDROM. Although they 
both behave the same as the standard 8051 Program Memory, they play different rules according to 
their ROM size. The APROM on N76E616 can be up to 18K Bytes. User Code is normally put inside. 


CPU fetches instructions here for execution. The MOVC instruction can also read this region. 
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The other individual Program Memory block is called LDROM. The normal function of LDROM is to 
store the Boot Code for ISP. It can update APROM space and CONFIG bytes. The code in APROM 
can also re-program LDROM. For ISP details and configuration bit setting related with APROM and 
LDROM, see Section 21.4 “In-System-Programming (ISP)” on page 135. Note that APROM and 
LDROM are hardware individual blocks, consequently if CPU re-boots from LDROM, CPU will 
automatically re-vector Program Counter 0000H to the LDROM start address. Therefore, CPU 
accounts the LDROM as an independent Program Memory and all interrupt vectors are independent 
from APROM. 


CONFIG1 


Factory default value: 1111 1111b 





Bit Name Description 


2:0 LDSIZE[2:0] | LDROM size select 

This field selects the size of LDROM. 

111 =No LDROM. APROM is 18K Bytes. 

110 = LDROM is 1K Bytes. APROM is 17K Bytes. 
101 = LDROM is 2K Bytes. APROM is 16K Bytes. 
100 = LDROM is 3K Bytes. APROM is 15K Bytes. 
Oxx = LDROM is 4K Bytes. APROM is 14K Bytes. 











37FFH/ 
3BFFH/ 
3FFFH/ 
43FFH/ 
47FFH" 


OFFFH/ 
OBFFH/ 
O7FFH/ 
O3FFH/ 
0000H"! LDROM 


0000H 0000H 


BS =0 BS = 1 
[1] The logic boundary addresses of APROM and LDROM are defined 
by CONFIG1[2:0]. 





Figure 5—1. N76E616 Program Memory Map 
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5.2 Data Memory 


Figure 5-2 shows the internal Data Memory spaces available on N76E616. Internal Data Memory 
occupies a separate address space from Program Memory. The internal Data Memory can be divided 
into three blocks. They are the lower 128 Bytes of RAM, the upper 128 Bytes of RAM, and the 128 
Bytes of SFR space. Internal Data Memory addresses are always 8-bit wide, which implies an address 
space of only 256 Bytes. Direct addressing higher than 7FH will access the special function registers 
(SFRs) space and indirect addressing higher than 7FH will access the upper 128 Bytes of RAM. 
Although the SFR space and the upper 128 Bytes of RAM share the same logic address, 80H through 
FFH, actually they are physically separate entities. Direct addressing to distinguish with the higher 128 
Bytes of RAM can only access these SFRs. Sixteen addresses in SFR space are either byte- 
addressable or bit-addressable. The bit-addressable SFRs are those whose addresses end in OH or 
8H. 


The lower 128 Bytes of internal RAM are present in all 80C51 devices. The lowest 32 Bytes as 
general-purpose registers are grouped into 4 banks of 8 registers. Program instructions call these 
registers as RO to R7. Two bits RSO and RS1 in the Program Status Word (PSWJ[3:4]) select which 
Register Bank is used. It benefits more efficiency of code space, since register instructions are shorter 
than instructions that use direct addressing. The next 16 Bytes above the general-purpose registers 
(byte-address 20H through 2FH) form a block of bit-addressable memory space (bit-address OOH 
through 7FH). The 80C51 instruction set includes a wide selection of single-bit instructions, and the 
128 bits in this area can be directly addressed by these instructions. The bit addresses in this area are 
OOH through 7FH. 


Either direct or indirect addressing can access the lower 128 Bytes space. But the upper 128 Bytes 


can only be accessed by indirect addressing. 


Another application implemented with the whole block of internal 256 Bytes RAM is used for the stack. 
This area is selected by the Stack Pointer (SP), which stores the address of the top of the stack. 
Whenever a JMP, CALL or interrupt is invoked, the return address is placed on the stack. There is no 
restriction as to where the stack can begin in the RAM. By default however, the Stack Pointer contains 
07H at reset. User can then change this to any value desired. The SP will point to the last used value. 
Therefore, the SP will be incremented and then address saved onto the stack. Conversely, while 


popping from the stack the contents will be read first, and then the SP is decreased. 
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FFH 


OOFFH 
Upper 128 Bytes SFR 
Internal RAM . 
(indirect addressing)| (di"ect addressing) 
oe 256 Bytes XRAM 
oe ee (MOVX addressing) 


Internal RAM 
(direct or indirect 
00H addressing) 0000H 





Figure 5-2. Data Memory Map 


Indirect Accessing RAM 


Direct or Indirect Accessing RAM 


Bit-addressable 
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[o) =] =] PPM] copo] APA] oy] oo NIN 
wo | WT] Co] WT] CO] WD] Co] TD] Co] DW] w (ot) ue) 
w 

Of Of || |] PY DY] cof oO] ALA] oO] al oa] OQ] NTN 
NP PIM] YPM] LSYYL S|] SLM S/N] YS] Mm] > 
— =| O] =| O] =| O] =| OO] =| OO] =|10 
=3/=-) RM] DM] OPO; A, A Oo NIN 

©] CO} CO] CO} CO] CO] CO] CO} CO] Co ©] 0 


Register Bank 


Register Bank 2 
> General Purpose Registers 
Register Bank 1 


Register Bank 0 





Figure 5-3. Internal 256 Bytes RAM Addressing 
5.3 On-Chip XRAM 


The N76E616 provides additional on-chip 256 bytes auxiliary RAM called XRAM to enlarge the RAM 
space. It occupies the address space from OOH through FFH. The 256 bytes of XRAM are indirectly 
accessed by move external instruction MOVX @DPTR or MOVX @Ri. (See the demo code below.) 
Note that the stack pointer cannot be located in any part of XRAM. 


XRAM demo code: 


MOV RO, #23H ;write #5AH to XRAM with address @23H 
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OV A, #5AH 
OVX @RO,A 





OV R1, #23H ;read from XRAM with address @23H 
OVX A,@R1 
OV DPTR, #0023H ;write #5BH to XRAM with address @0023H 


OV A, #5BH 
OVX @DPTR,A 


OV DPTR, #0023H ;read from XRAM with address @0023H 
OVX A,@DPTR 














5.4 Non-Volatile Data Storage 


By applying IAP, any page of APROM or LDROM can be used as non-volatile data storage. For IAP 
details, please see Section 21. “In-Application-Programming (IAP)” on page 129. 
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6. SPECIAL FUNCTION REGISTER (SFR) 


The N76E616 uses Special Function Registers (SFRs) to control and monitor peripherals and their 
modes. The SFRs reside in the register locations 80 to FFH and are accessed by direct addressing 
only. SFRs those end their addresses as OH or 8H are bit-addressable. It is very useful in cases where 
user would like to modify a particular bit directly without changing other bits via bit-field instructions. All 
other SFRs are byte-addressable only. The N76E616 contains all the SFRs presenting in the standard 
8051. However, some additional SFRs are built in. Therefore, some of unused bytes in the original 


8051 have been given new functions. The SFRs are listed below. 


To accommodate more than 128 SFRs in the 0x80 to OxFF address space, SFR paging has been 
implemented. By default, all SFR accesses target SFR page 0. During device initialization, some 
SFRs located on SFR page 1 may need to be accessed. The register SFRS is used to switch SFR 
addressing page. Note that this register has TA write protection. Most of SFRs are available on both 
SFR page 0 and 1. 


SFRS — SFR Page Selection (TA protected) 


SS ea as Se ee ee ee ee ee ee ee Se 
po SFRPAGE 





de eee 


Address: 91H Reset value: 0000 0000b 


Bit Name Description 
0 SFRPAGE 





SFR page select 
O = Instructions access SFR page 0. 
1 = Instructions access SFR page 1. 








Switch SFR page demo code: 


MOV TA, #0AAH ;switch to SFR page 1 
MOV TA, #55H 
ORL SFRS, #01H 


MOV TA, #0AAH ;switch to SFR page 0 
MOV TA, #55H 
ANL SFRS, #0FEH 
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Table 6-1. SFR Memory Map 


| Page | Addr| oe | 19 | ABT CDE FY 
| | Fe | scon_1 | LCDCON | LcpcLk | LcpptR | LCPDAT f= | anid ahs 
jae | ee ADCCONO} PICON | PINEN | PIPEN PityP | LCDSEG3 
| ¢ | co [ikea ADCCONt | ADCCON2 | ADCMPL | ADCMPH | LCDSEGo | LCDSEG1 | LCDSEG2 
0 = PaMi PaM2 P5Mi P5M2 

1 P4s : P5S : 

T2CON | T2MODO | T2MOD1 | T20E R2AL R2AH R2BL R2BH 


| o fee] oP SADEN | SADEN_1]SADDR1| l2DAT | l2sTAT | l2cLK | l2TOC 
0 POMi POM2 PiMi P1M2 P2Mi P2M2 a 
1 POS : P1s P10S P2s : 

| oo fae] oe SADDR | WDCON |BoDcON1| "SMU cele IAPFD. | IAPCN 

| 9 [ao] p2 | - | AUXR1 |BODCONO| IAPTRG | IAPUEN | JIAPAL | IAPAH 


Ce [oe | seen [ sor oars | ee | ee | - | - [omcon 
ele few | - | | [ee [oon | om 
rtf |= fem fom] | - | mm | roo 


Unoccupied addresses in the SFR space marked in ‘-‘ are reserved for future use. Accessing 





these areas will have an indeterminate effect and should be avoided. 
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Table 6-2. SFR Definitions and Reset Values 


= TzL= = 


[OOO — [Loo ae rong J} LCDDAT[5:0] 0000 0000b 
JLCDPTR _|LCDdatapointer | FBH | | LCDPTR[4:0] 9000 00006 
ECDCLK LCD clock control __ FAH |__| |__Lebeksito]_ {| - _| _iLCDDIV2:0}_ 0000 0000b) 
IECDCON [ECD controt | Fa | CODEN [EODADJ| —-__|_BiAS_| DUTY]. | _RSEL[TD] 0000-00005} 


(FE) (FD) (FC) (FB) (FA) (F9) “(F8) 
SCON_1 Serial port 1 control Se a 0000 0000b 
Fe 4 1 SM2_1 REN_1 TB8_1 RB8_1 


EIPH re giabiahaa priority | FH | | PT2DH | | PT2cH | | PWOTH | | pre | | PT2aH | ion | Pieck | lo000 00008 0000b 


PODIDS PO digital input disable Kea aca meal oe ae Hae Ea ene Head Enea 0000b 
ADCAQT ADC acquisition time ADCAQT{7:0] 0000 0000b 
; (F7) (F6) (F5) (F4) (F3) (F2) (FA) (FO) 
fEIP___—_ [Extensive interrupt priority PT2D [| - | PtT2c PWDT PT2B PT2A [| PPI | Pl2C [0000 0000b 
LCDSEG3__|LCD segment 3 | EEH [SEG31EN|SEG30EN|SEG29EN]| SEG28EN |SEG27EN | SEG26EN|SEG25EN|SEG24EN[0000 0000b 


PITYP Pin interrupt type PIT7 PIT6 PIT5 PIT4 PITS PIT2 PIT1 PITO |0000 0000b 
PIF _[Pin interrupt flag PIF7 PIF6 PIF5 PIF4 PIF3 PIF2 PIF1 PIFO [0000 0000b 


PIPEN Pint Interrupr fight PIPEN7 | PIPENG | PIPENS | PIPEN4 | PIPEN3 | PIPEN2 | PIPEN1 | PIPENO [0000 0000b 
level/rising edge enable 

PINEN Puce R ABE OW EAH | PINEN7 | PINEN6 | PINENS | PINEN4 | PINEN3 | PINEN2 | PINEN1 | PINENO [0000 0000b 
level/falling edge enable 


PICON | EQH | PIPS[2:0] 0000 0000b 


(EF) a 4 a a (EA) (E9) (EB) 
MC Be | lee still re | ED Gee aes ee ADCHS2 ee pnereo DIC Ole 


ADGMPL —|RDC compare low byte [ES [ [| ry Joo00-00008 
ADCCON2 {ADC control2__| 2H | __-__JADCMPOP|ADCMPEN| ADCMPO| _-_| = —_— ooa0-so00n 
eee SS Ea | = | = | ADCEX | ADCEN [0010 00006} 


(E7) (E6) (E5) (E4) (E3) (E2) (E1) (E0) 


Pama __—(|P4mode select2 —[DBH/O] = | P4M2.6 | P4M2.5 | P4M2.4 | P4M2.3 | P4M2.2 | PaM2.1 | P4M2.0 [0000 0000b) 
Pas PA Schmitttriggerinput_ [DAHA]  - | P4s.6 | p4s.5 | pP4s4 | P4S.3 | P4S.2 | P4S1 | P45.0_ [0000 0000b) 
PAM __—*(|P4mode select1 [IDAHO] —- | P4M1.6 | P4M1.5 | P4Mt.4 | P4m1.3 | P4Mt.2 | Patt | P4Mt.o |0111 1111b) 


Output latch, 
P4 Port 4 D9H P4.6 P4.5 P4.4 P4.3 P4.2 P41 P4.0 Tae cS 
OXXX XXXXb"! 
Output latch, 
Bae een la (DE) (DD) (DC) (DB) (DA) (D9) (D8) |1111 11141b 
P57 P5.6 P5.5 P5.4 P5.3 P5.2 P51 P5.0 | Input, i 
XXXX XXXXb" 


Timer 2D reload high byte | D7 R2DH[7:0] 0000 0000b 
Timer 2D reload low byte R2DL[7:0 000 0000 
Timer 2C reload high byte R2CH[7:0] 000 0000 
Timer 2C reload low byte | D4H R2CL[7:0 0000 0000 


Program status word Era ve ee ee ee ay 0000 0000b 


Timer 2B reload high byt R2BH[7:0] 000 0000 
Timer 2B reload low byte _| CEH R2BL[7:0 000 0000 
Timer 2A reload high byte R2AH[7:0] 000 0000 
Timer 2A reload low byte R2AL[7:0 0000 0000 
Timer 2 output enable CBH 0000 0000 
imer 2 mode 1 
imer 2 mode 0 


(CF) (CE) (CD) (CC) (CB) (CA) (C9) (C8) 
WantsLr 2 eeataceh can | TF2D nee ie Tes nee nee an Tee 9000 0000b 








oO 
=E 


= 





x 
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Table 6-2. SFR Definitions and Reset Values 


TA __|Timed access protection | 7H | TAZ {0.000 00008 
SHIT. 0000 00006 
IADCRH __|ADC resulthighbyte_ | C3H | ADCRYG:Q] 000 0000b 
pterh —_JAUG es ew bye __f Ge} Pf Ane fpad epee 


son foe fen a me ep 
faroo [Fo ime-outcouner Por a 
festa [Fo sus so | pra a a 
SADEN_ [7:0] 


(BF) (BE) (BD) (BC) (BB) (BA) (B9) (68) 
a_i —— pape | #800 pa JL isa |e |i poe paul 


IPH | B7H | 
PIOS __[Ptoutputstrength [BaH/iT = TT TP 108.3 [ P108.3 [ P10S.1 | P10S.0 [0000 0000b) 
PO Schmitt tngger [PO Schmitt trigger input _| 
[PO mode selecti _—i 


a latch, 
(DD) (DC) 0011 1111b 
ne P35 P3.4 Input, 
OXXX ORE 


FCTRL([3:0] 
AEH 
Pas_——|psseimititggorimat aon ross | poss pasa | ross rose { asi [paso [0000 000 


POR. 
[4] |Brown-out detection ; 0000 0001b 
BODCON1 control 4 ABH LPBOD[1:0] BODFLT Others, 
0000 OUUUb 
POR, 
0000 0111b 
WwDCON"! Watchdog Timer control WDTEN | WDCLR | WDTF WIDPD | WDTRF WDPS[2:0] anon {UUUb 
Others, 
0000 UUUUb 


ADDR [Slave OQ address ————_s|_AQH | = a 0000 0000b 


a Oa 
IAPAI?: 0 
2 [ore [cer acevo 2000 
laprac™™ inp igger «dA [= trco Joooo 00005 


FOR 
CoCcC XCOXb 
14) |Brown-out detection [5] [5] 16] 15] asl aan 
BODCONO control 0 A3H _ |BODEN BOV[1:0] BOF BORST BORF BOS UOUU XU1Xb 
Others, 
UOUU XUUXb 











Feb 20, 2016 Page 22 of 179 Rev. 1.01 


nuvoTON N76E616 Datasheet 











Table 6-2. SFR Definitions and Reset Values 


SSS ee 
0000 0000b 
Software, 
Auxiliary register 1 swe |RSTPINF] TILXTM | TOLXTM 8 iston 
U100 0000b 
Others, 
UU00 0000b 
Output latch, 
(a7) | (ae) | (as) | (a4) | (as) | (aay | At) | oy) [1141 1141b 
ie poe POM) Spaz || (p26 || P25. || -pa4 ||) pea ||| “pea ||| p24 ||) “P20 
Software, 
CHPCON™ | Chip control SWRST | IAPFF ps | PEN [A002 Oouob 
0000 00C0b 


FIE1 Snel: interrupt enable t+ | ewer | | ess | 1 | ess [o 000 0000b 


ae interrupt enable ET2D eee ET2C em ea ET2A aa) El2C [0000 0000b 
seu 1 Serial port 1 data buffer SBUF_1[7:0] 0000 0000b 
Serial port 0 data buffer SBUF[7:0] 0000 0000b 


SCON Serial port 0 control | 98k | ee eal ee a ee a ee (98) Jo000 0006 

Clock enable EXTENT! a) HIRCEN[| - [|  -  [  - [| -  [ckswtFlo011 o000b 
scat Clock switch HXTST HIRCST ea ECLKST OSC[2:0] 0011 0000b 
CKDIV Clock divider Sera 0] 0000 0000b 

SFR page selection | - | - | SFRPSEL[o000 0000b 


Output latch, 
1111 1111b 
Port 1 Input, 
ce XXxxb! 
WKCON ee Oe eet | | wetoxs| | WTF | were | | wars) | 0] 0000 0000b 


i i i eC ae ee 
TH1[7:0] 0000 0000b 
THO[7:0] 0000 0000b 
TLi[7:0] 0000 0000b 
TLO[7:0] ooad e008 
ee ee eo 


(8F) (8E) (8D) (8C) (8B) (8A) (89) (88) 


POR, 

0001 0000b 
PCON Power control SMOD SMODO Others, 

000U 0000b 


Self Wake-up Timer RWK[7:0] 0000 0000b 
reload byte 


Data pointer high byte DPTR[15:8] 0000 0000b 
Bata pointer low byte berate a 0000 0000b 
| 81H | 0000 O111b 


Output latch, 
(86) (83) (80) [1111 11141b 
Port 0 P06 PO0.3 ie Input, 3 
XXXX XXXxXb" 


[1] () item means the bit address in bit-addressable SFRs. 

[2] Sie value symbol description. 0: logic 0; 1: logic 1; U: unchanged; C: see [5]; X: see [3], [6], and [7]. 

[3] All I/O pins are default input-only mode (floating) after reset. Reading back P3.6 is always 0 if RPD 
(CONFIGO.2) remains un-programmed 1. 

[4] These SFRs have TA protected writing. See Section 19. “Timed Access Protection (TA)” on page 117. 

[5] These SFRs have bits those are initialized according to CONFIG values after specified resets. See Section 29. 
“CONFIG Bytes” on page 164 for details. 

[6] BOF reset value depends on different setting of CONFIG2 and Vpp voltage level. Please check Table 24-1. 

[7] BOS is a read-only flag decided by Vpp level while brown-out detection is enabled. 











Bits marked in ‘-‘ are reserved for future use. They must be kept in their own initial states. 
Accessing these bits may cause an unpredictable effect. 
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7. GENERAL 80C51 SYSTEM CONTROL 


A or ACC - Accumulator (Bit-addressable) 
7 


Sa eS a a ae ee Eee ee ee ee ee ee 


Address: EOQH Reset value: 0000 0000b 





Bit Name Description 


7:0 ACC[7:0] | Accumulator 
The A or ACC register is the standard 80C51 accumulator for arithmetic operation. 





B - B Register (Bit-addressable) 








Address: FOH Reset value: 0000 0000b 
Bit Name Description 
7:0 B[7:0] B register 


The B register is the other accumulator of the standard 80C51 .It is used mainly 
for MUL and DIV instructions. 


SP — Stack Pointer 





Address: 81H Reset value: 0000 0111b 


Bit Name Description 


7:0 SP[7:0] | Stack pointer 
The Stack Pointer stores the scratch-pad RAM address where the stack begins. It 
is incremented before data is stored during PUSH or CALL instructions. Note that 
the default value of SP is 07H. It causes the stack to begin at location 08H. 





DPL — Data Pointer Low Byte 


a 





Address: 82H Reset value: 0000 0000b 


Bit Name Description 


7:0 DPL[7:0] | Data pointer low byte 
This is the low byte of 16-bit data pointer. DPL combined with DPH serve as a 16- 
bit data pointer DPTR to access indirect addressed RAM or Program Memory. 
DPS (AUXR1.0) bit decides which data pointer, DPTR or DPTR1, is activated. 
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DPH - ate Pointer High Byte 





Address: 83H Reset value: 0000 0000b 


Bit Name Description 


7:0 DPH{[7:0] | Data pointer high byte 
This is the high byte of 16-bit data pointer. DPH combined with DPL serve as a 
16-bit data pointer DPTR to access indirect addressed RAM or Program Memory. 
DPS (AUXR1.0) bit decides which data pointer, DPTR or DPTR1, is activated. 





PSW — Program Status Word (Bit-addressable) 





Address: DOH Reset value: 0000 0000b 


Bit Name Description 


7 CY Carry flag 

For a adding or subtracting operation, CY will be set when the previous operation 
resulted in a carry-out from or a borrow-in to the Most Significant bit, otherwise 
cleared. 

If the previous operation is MUL or DIV, CY is always 0. 

CY is affected by DA A instruction, which indicates that if the original BCD sum is 
greater than 100. 

For a CUNE branch, CY will be set if the first unsigned integer value is less than 
the second one. Otherwise, CY will be cleared. 








6 AC Auxiliary carry 
Set when the previous operation resulted in a carry-out from or a borrow-in to the 
4th bit of the low order nibble, otherwise cleared. 


5 FO User flag 0 
The general-purpose flag that can be set or cleared by user. 














4 RS1 Register bank selection bits 
These two bits select one of four banks in which RO to R7 locate. 
RSO RS1 RSO RegisterBank RAM Address 
0 0 0 OOH to 07H 
0 1 1 08H to OFH 
1 0 2 10H to 17H 
1 1 3 18H to 1FH 
2 OV Overflow flag 


OV is used for a signed character operands. For an ADD or ADDC instruction, OV 
will be set if there is a carry out of bit 6 but not out of bit 7, or a carry out of bit 7 
but not bit 6. Otherwise, OV is cleared. OV indicates a negative number produced 
as the sum of two positive operands or a positive sum from two negative 
operands. For a SUBB, OV is set if a borrow is needed into bit6 but not into bit 7, 
or into bit7 but not bit 6. Otherwise, OV is cleared. OV indicates a negative 
number produced when a negative value is subtracted from a positive value, or a 
positive result when a positive number is subtracted from a negative number. 

For a MUL, if the product is greater than 255 (OOFFH), OV will be set. Otherwise, it 
is cleared. 

For a DIV, it is normally 0. However, if B had originally contained OOH, the values 
returned in A and B will be undefined. Meanwhile, the OV will be set. 
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Bit Name Description 
1 F1 User flag 1 
The general-purpose flag that can be set or cleared by user via software. 
0 P Parity flag 
Set to 1 to indicate an odd number of ones in the accumulator. Cleared for an 
even number of ones. It performs even parity check. 








Table 7-1. Instructions That Affect Flag Settings 


a el ee eee 
ee 
ee ee ee ee 

sues [xx aco 
a a ES A Se 


ON Fomor |x | |_| 
pan |x |_| Jomom [x | | _| 
aca |x |_| [wove [x | |_| 
mca |x || Jone | x | | _| 
sees [+ [| {| | | | _] 


[1] X indicates the modification depends on the result of the instruction. 





PCON — Power Control 


ee eee eS ar eS ae er ee ES Ee are 
SMOD_| SMODO_| = | POF {| Gri {| Gro | PD 





pa AW 2] RW — = _f___|__-| _) 


Address: 87H Reset value: see Table 6-2. SFR Definitions and Reset Values 


Bit Name Description 





3 GF1 General purpose flag 1 
The general-purpose flag that can be set or cleared by user via software. 





2 GFO General purpose flag 0 
The general-purpose flag that can be set or cleared by user via software. 
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8. 1/0 PORT STRUCTURE AND OPERATION 


The N76E616 has a maximum of 26 bit-addressable general I/O pins grouped as 6 ports, PO to P5. 
Each port has its port control register (Px register). The writing and reading of a port control register 
have different meanings. A write to port control register sets the port output latch logic value, whereas 
a read gets the port pin logic state. All I/O pins (except P3.6) can be configured individually as one of 
four I/O modes by software. These four modes are quasi-bidirectional (standard 8051 port structure), 
push-pull, input-only, and open-drain modes. Each port spends two special function registers PxM1 
and PxM2 to select the I/O mode of port Px. The list below illustrates how to select the I/O mode of 


Px.n. Note that the default configuration of is input-only (high-impedance) after any reset. 


Table 8-1. Configuration for Different I/O Modes 


| Oo fe Quasi-bidirectional 


a 
| 4 [oo | Input-only (high-impedance) 





All I/O pins can be selected as TTL level inputs or Schmitt triggered inputs by selecting corresponding 


bit in PxS register. Schmitt triggered input has better glitch suppression capability. 


There are four I/O pins support large source and sink current, including P1.0 to P1.3. By default, they 
have the same output capability as other I/O pins. By setting corresponding bits in P1OS register, they 
can be individually configured as high output capability. It is suitable to drive LED or large loading 


without additional BUT devices. 


P3.6 is configured as an input-only pin when programming RPD (CONFIGO.2) as 0. Meanwhile, P3.6 
is permanent in input-only mode and Schmitt triggered type. P3.6 also has an internal pull-up enabled 
by P36UP (P3M2.6). If RPD remains un-programmed, P3.6 pin functions as an external reset pin and 


P3.6 is not available. A read of P3.6 bit is always 0. Meanwhile, the internal pull-up is always enabled. 
8.1 Quasi-Bidirectional Mode 


The quasi-bidirectional mode, as the standard 8051 I/O structure, can rule as both input and output. 
When the port outputs a logic high, it is weakly driven, allowing an external device to pull the pin low. 
When the pin is pulled low, it is driven strongly and able to sink a large current. In the quasi- 
bidirectional I/O structure, there are three pull-high transistors. Each of them serves different 
purposes. One of these pull-highs, called the “very weak” pull-high, is turned on whenever the port 
latch contains logic 1. The “very weak” pull-high sources a very small current that will pull the pin high 


if it is left floating. 


Feb 20, 2016 Page 27 of 179 Rev. 1.01 


nuVvoTON N76E616 Datasheet 





A second pull-high, called the “weak” pull-high, is turned on when the outside port pin itself is at logic 1 
level. This pull-high provides the primary source current for a quasi-bidirectional pin that is outputting 
1. If a pin which has logic 1 on it is pulled low by an external device, the “weak” pull-high turns off, and 
only the “very weak” pull-high remains on. To pull the pin low under these conditions, the external 
device has to sink enough current (larger than I;_) to overcome the “weak” pull-high and make the 
voltage on the port pin below its input threshold (lower than V/,). 


The third pull-high is the “strong” pull-high. This pull-high is used to speed up 0-to-1 transitions on a 
quasi-bidirectional port pin when the port latch changes from logic 0 to logic 1. When this occurs, the 
strong pull-high turns on for two-CPU-clock time to pull the port pin high quickly. Then it turns off and 
“weak” and “very weak” pull-highs continue remaining the port pin high. The quasi-bidirectional port 


structure is shown as follows. 




















2-CPU-Clock P 
Delay ) | Strong 








Very P 
Weak | Weak 


A e e oO > Port Pin 
Port Latch —!>o-« a 
(0) atc 


18 










































































Input < o<] e | 


Figure 8-1. Quasi-Bidirectional Mode Structure 
8.2 Push-Pull Mode 


The push-pull mode has the same pull-low structure as the quasi-bidirectional mode, but provides a 
continuous strong pull-high when the port latch is written by logic 1. The push-pull mode is generally 


used as output pin when more source current is needed for an output driving. 
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Port Latch | >o 
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Figure 8-2. Push-Pull Mode Structure 
8.3 Input-Only Mode 


Input-only mode provides true high-impedance input path. Although a quasi-bidirectional mode I/O can 
also be an input pin, but it requires relative strong input source. Input-only mode also benefits to power 
consumption reduction for logic 0 input always consumes current from Vpp if in quasi-bidirectional 
mode. User needs to take care that an input-only mode pin should be given with a determined voltage 
level by external devices or resistors. A floating pin will induce leakage current especially in Power- 


down mode. 

















Input < | oc Port Pin 


Figure 8-3. Input-Only Mode Structure 
8.4 Open-Drain Mode 


The open-drain mode turns off all pull-high transistors and only drives the pull-low of the port pin when 
the port latch is given by logic 0. If the port latch is logic 1, it behaves as if in input-only mode. To be 
used as an output pin generally as Ke lines, an open-drain pin should add an external pull-high, 
typically a resistor tied to Vpp. User needs to take care that an open-drain pin with its port latch as 
logic 1 should be given with a determined voltage level by external devices or resistors. A floating pin 


will induce leakage current especially in Power-down mode. 
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Figure 8-4. Open-Drain Mode Structure 
8.5 Read-Modify-Write Instructions 


Instructions that read a byte from SFR or internal RAM, modify it, and rewrite it back, are called “Read- 
Modify-Write” instructions. When the destination is an I/O port or a port bit, these instructions read the 
internal output latch rather than the external pin state. This kind of instructions read the port SFR 


value, modify it and write back to the port SFR. All “Read-Modify-Write” instructions are listed as 


follows. 
Instruction Description 
ANL Logical AND. (ANL direct, A and ANL direct, #data) 
ORL Logical OR. (ORL direct, A and ORL direct, #data) 
XRL Logical exclusive OR. (XRL direct, A and XRL direct, #data) 
JBC Jump if bit = 1 and clear it. (JBC bit, rel) 
CPL Complement bit. (CPL bit) 
INC Increment. (INC direct) 
DEC Decrement. (DEC direct) 
DJNZ Decrement and jump if not zero. (DJNZ direct, rel) 
MOV bit, C Move carry to bit. (MOV bit, C) 
CLR bit Clear bit. (CLR bit) 
SETB bit Set bit. (SETB bit) 


The last three seem not obviously “Read-Modify-Write” instructions but actually they are. They read 


the entire port latch value, modify the changed bit, and then write the new value back to the port latch. 
8.6 Control Registers of I/O Ports 


The N76E616 has a lot of I/O control registers to provide flexibility in all kind of applications. The SFRs 
related with I/O ports can be categorized into three groups: input and output control, output mode 


control, and input type and sink current control. All of SFRs are listed as follows. 
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8.6.1 Input and Output Data Control 


These registers are I/O input and output data buffers. Reading gets the I/O input data. Writing forces 


the data output. All of these registers are bit-addressable. 


PO — Port 0 (Bit-addressable) 





ae Ge ee a ee ee ee ee ee 

| PO? |) 6 POS | POS | SPO | PO. | POA | PO. | SPOT 

Address: 80H Reset value: 1111 1111b 
Bit Name Description 





7:0 PO[7:0] | PortO 
Port 0 is an 8-bit general-purpose I/O port. 


P1 — Port 1 (Bit-addressable) 
7 


ea ae Pa a a ee | el el ee el ee 





Address: 90H Reset value: 1111 1111b 


Bit Name Description 


7:0 P1[7:0] | Port1 
Port 1 is an 8-bit general purpose I/O port. 





P2 — Port 2 (Bit-addressable) 





Address: AOH Reset value: 1111 1111b 


Bit Name Description 
7:0 | P2[7:0] ree 





Port 2 is an 8-bit general-purpose I/O port. 


P3 — Port 3 (Bit-addressable) 


SS aS Ea ee eee ee ee Er 
| R __ | RW |__| | | 

















Address: BOH Reset value: 0011 1111b 
Bit Name Description 
7 0 Reserved 
This bit is always read as 0. 
6 P3.6 Port 3 bit 6 
P3.6 is an input-only pin when RPD (CONFIGO.2) is programmed as 0. When 
leaving RPD un-programmed, P3.6 is always read as 0. 
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Bit Name Description 
5 P3.5 Port 3 bit 5 
P3.5 is a general-purpose I/O pin, multi-function shared with ICPCK and OCDCK. 
4 P3.4 Port 3 bit 4 
P3.4 is a general-purpose I/O pin, multi-function shared with ICPDA and OCDDA. 
3 P3.3 Port 3 bit 3 


P3.3 is available when HXT or LXT is not used. At this moment, P3.3 functions as 
a general purpose |/O. 

If HXT or LXT is used, P3.3 pin functions as XourT. A write to P3.3 is invalid and 
P3.3 is always read as 0. 


2 P3.2 Port 3 bit 2 

P3.2 is available only when HXT, LXT, or ECLK is not used. At this moment, P3.2 
functions as a general purpose I/O. 

If HXT, LXT, or ECLK is used, P3.2 pin functions as XIN. A write to P3.2 is invalid 
and P3.2 is always read as 0. 











1 P3.1 Port 3 bit 1 
P3.1 is a general-purpose I/O pin, multi-function shared with T2DO2 and SEG28. 
0 P3.0 Port 3 bit 0 








P3.0 is a general-purpose I/O pin, multi-function shared with T2DO1 and SEG27. 


P4 — Port 4 


a | et ed | es el i Sl 
Pp oT PAG | PAS TPA PA TPA PA | PAO 
i aa 





Address: D9H Reset value: 0111 1111b 


Bit Name Description 





7 - Reserved 
This bit is always read as 0. 


6:0 P4[6:0] | Port 4 
Port 4 is a 7-bit general-purpose I/O port. 











P5 — Port 5 (Bit-addressable) 
7 


ia a ee eee ee ee ee ee ee 





Address: D8H Reset value: 1111 1111b 


Bit Name Description 


7:0 P5[7:0] | Port 5 
Port 5 is an 8-bit general-purpose I/O port. 





8.6.2 Output Mode Control 


These registers controls output mode, which is configurable among four modes: input-only, quasi- 
bidirectional, push-pull, or open-drain. Each pin can be configured individually. There is also a pull-up 
control for P3.6 in P3M6.2. 
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POM1 — Port 0 Mode Select 1"! 


SS Se Se ae ee ee aa ae ee eee 
PoMi.7_| Pomi.6 | Pomi5 | Pomi.4 | Pomi.3 | PoM1.2 | POM1.1 | POM1.0 





Address Bini, Page: @ Reset value: 1111 1111b 


Bit Name Description 
7:0 | POMi[7:0] | Port 0 mode select 1 





POM2 — Port 0 Mode Select 2"! 
7 


ae a er ee eee ee ee ee ee ee ee es ee ee 
PoM2.7_| Pom26 | Pom25 | PoM24 | Pom23 | PoM2.2 | POM21 | POM2.0 





Address: B2H, Page: 0 Reset value: 0000 0000b 


Bit Name Description 


7:0 | POM2[7:0] | Port 0 mode select 2 


[1] POM1 and POM2 are used in combination to determine the I/O mode of each pin of PO. See Table 8-1. 
Configuration for Different I/O Modes. 








P1M1 — Port 1 Mode Select 1”! 


ES SSS EE ae eS Ee ee ee ea ee eS ae ee 
P1M1.7 P1M1.6 P1M1.5 P1M1.4 P1M1.3 P1M1.2 P1M1.1 P1M1.0 


Address: B3H, Page: 0 Reset value: 1111 1111b 





Bit Name Description 
7:0 | P1Mi[7:0] | Port 1 mode select 1 





P1M2 — Port 1 Mode Select 2”! 
7 


i eS a ee ee eee ee ee ee a ee 
PiM2.7 | PiM2.6 | PiM25 | PiM24 | PiM2.3 | PiM22 | PiM21 | PiM2.0 





Address: B4H, Page: 0 Reset value: 0000 0000b 


Bit Name Description 


7:0 | P1M2[7:0] | Port 1 mode select 2 
[2] P1M1 and P1M2 are used in combination to determine the I/O mode of each pin of P1. See Table 8-1. 
Configuration for Different I/O Modes. 





P2M1 — Port 2 Mode Select 1”! 
7 


eae a eee ee ee ee ee ee ee ee ee ee ee ee 
P2Mi.7_ | P2Mi.6 | PaMis5 | P2Mi4 | P2Mi.3 | P2Mi.2 | P2Mi.i | P2M1.0 





Address: B5H, Page: 0 Reset value: 0111 1111b 


Bit Name Description 
7:0 | P2Mi[7:0] | Port 2 mode select 1 
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P2M2 — Port 2 Mode Select 2"! 


Sie ee ee ee a ae SS a a ee 
P2M2.7_| P2M2.6 | P2M2.5 | P2M24 | P2M2.3 | P2M22 | P2M21 | P2M2.0 





Address: B6H, Page: 0 Reset value: 0000 0000b 


Bit Name Description 


7:0 | P2M2[7:0] | Port 2 mode select 2 
[3] P2M1 and P2M2 are used in combination to determine the I/O mode of each pin of P2. See Table 8-1. 
Configuration for Different I/O Modes. 


P3M1 — Port 3 Mode Select 1 
7 





Ea a EE Waa pera Le Se) ee ed 
T10E TOOE [| Pami5” | Pami.47 [| p3mi.37 [| pami.2" | pami41™ | P3M1.0" 


Address: ACH, Page: 0 Reset value: 0000 0011b 





Bit Name Description 
5:0 | P3M1 [5:0] | Port 3 mode select 1 





P3M2 — Port 3 Mode Select 2 
7 


aa aS aaa ee eee ES a EES ea SS eae SS ea aS a 
CLOEN P36UP P3M2.5") P3M2.4") P3M2.3"! P3M2.2"! P3M2. 1! P3M2.0"! 








Address: ADH, Page: 0 Reset value: 0000 0000b 
Bit Name Description 
6 P36UP P3.6 pull-up enabled 


0 = P3.6 pull-up Disabled. 

1 = P3.6 pull-up Enabled. 

This bit is valid only when RPD (CONFIGO.2) is programmed as 0. When 
selecting as a RST pin, the pull-up is always enabled. 


5:0 P3M2[5:0] | Port 3 mode select 2. 


[4] P3M1 and P3M2 are used in combination to determine the I/O mode of each pin of P1. See Table 8-1. 
Configuration for Different I/O Modes. 














P4M1 — Port 4 Mode Select 1°! 





ee a ee ee ee ee ee ee ee a Ee ee ee ae 
| PAM 1.6 P4M1.5 P4M1.4 P4M1.3 P4M1.2 P4M1.1 P4M1.0 
Po RT RR RRR 


Address: DAH, Page: 0 Reset value: 1111 1111b 


Bit Name Description 
6:0 | P4ii[6:0] | Port 4 mode select 1 
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P4M2 — Port 4 Mode Select 2"! 
a es ae ee Be ee Be ee ee Ss Ee ae ee ee ae ee 
| PAM 2.6 P4M2.5 P4M2.4 P4M2.3 P4M2.2 P4M2.1 P4M2.0 





PT Rw | RW | Rw | CRW | OR TOR |S 


Address: DBH, Page: 0 Reset value: 0000 0000b 


Bit Name Description 


6:0 | P4tz[6.0] | Port 4 mode select 2 
[5] P4M1 and P4M2 are used in combination to determine the I/O mode of each pin of P4. See Table 8-1. 
Configuration for Different I/O Modes. 





P5M1 — Port 5 Mode Select 1°! 
7 


Tae Pees Pea Sea Sees ae eS Se eS Sass 
P5M1.7_| P5M1.6 | P5Mi.5 | P5Mi.4 | P5M1.3 | P5M1.2 | P5M1.1 | PS5M1.0 





Address: DCH, Page: 0 Reset value: 1111 1111b 


Bit Name Description 
7:0 | P5Mi[7:0] | Port 5 mode select 1 





P5M2 — Port 5 Mode Select 2"! 
7 


SS eS Se ae eS ee Se ee ee ee ee ae ee 
P5M2.7 P5M2.6 P5M2.5 P5M2.4 P5M2.3 P5M2.2 P5M2. 1 P5M2.0 


Address: DDH, Page: 0 Reset value: 0000 0000b 





Bit Name Description 


7:0 | P5M2{7:0] | Port 5 mode select 2 


[6] P5M1 and P5M2 are used in combination to determine the I/O mode of each pin of P5. See Table 8-1. 
Configuration for Different I/O Modes. 








8.6.3 Input Type and Output Strength Control 


Each I/O pin can be configured individually as TTL input or Schmitt triggered input. P1OS[3:0] bits are 
for output strength control of P1.0 to P1.3. These four pins support large sink and source current 


capability. Note that all PxS and P1OS registers are accessible by switching SFR page to page 1. 


POS — Port 0 Schmitt Triggered Input 
7 


eS ee ee ee ee ee ee ee es ee ee ee ee ee ee 
POS.7 POS.6 POS.5 POS.4 POS.3 POS.2 POS.1 POS.0 








Address: B1H, Page: 1 Reset value: 0000 0000b 
Bit Name Description 
n POS.n PO.n Schmitt triggered input 


0 = TTL level input of PO.n. 
1 = Schmitt triggered input of PO.n. 
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P1S — Port 1 Schmitt Triggered Input 


SS Se ee ae es a ee ee ee ee ee 
P1S.7 P1S.6 P1S.5 P1S.4 P1S.3 P1S.2 P1S.1 P1S.0 








Address: B3H, Page: 1 Reset value: 0000 0000b 
Bit Name Description 
P1.n Schmitt triggered input 


0 = TTL level input of P1.n. 


n P1S.n 
1 = Schmitt triggered input of P1.n. 





P2S — Port 2 Schmitt Triggered Input 
7 


a ea A a fae (ee aS) ee ee 





Address: B5H, Page: 1 Reset value: 0000 0000b 


Bit Name Description 
n P2S.n 





P2.n Schmitt triggered input 
0 = TTL level input of P2.n. 
1 = Schmitt triggered input of P2.n. 





P3S — Port 3 Schmitt Triggered Input 


ae Ee Se ee en ee ee ee eee Se eee ee ee 
| = PS. P3S.5 P3S.4 P3S.3 P3S.2 P3S.1 P3S.0 
i= =) 








Address: ACH, Page: 1 Reset value: 0000 0000b 
Bit Name Description 
P3.n Schmitt triggered input 


0 = TTL level input of P3.n. 


n P3S.n 
1 = Schmitt triggered input of P3.n. 





P4S — Port 4 Schmitt Triggered Input 


ES 2 ae ee ee ee ee ae ee ee ee ee eee 
pT PASS | PASS PAS 4 | PASS | P4S.2 | P4S.1 | PASO 
Po RRR RR _ 








Address: DAH, Page: 1 Reset value: 0000 0000b 
Bit Name Description 
P4.n Schmitt triggered input 


0 = TTL level input of P4.n. 


n P4S.n 
1 = Schmitt triggered input of P4.n. 
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P5S — Port 5 Schmitt Triggered Input 


ae a a ee ee ed ee Se ee ee ee ee 
P5S.7 P5S.6 P5S.5 P5S.3 P5S.0 








Address: DCH, Page: 1 Reset value: 0000 0000b 
Bit Name Description 
P5.n Schmitt triggered input 


0 = TTL level input of P5.n. 


n P5S.n 
1 = Schmitt triggered input of P5.n. 





P10S — Port 1 Output Strength Control 
ae ee ee ee eee ee a ee ae ee ee ee ee Ss 
po ie  _ PS. || PI0S 2 | PIOS4 P10S.0 





po RR 








Address: B4H, Page: 1 Reset value: 0000 0000b 
Bit Name Description 
7:4 - Reserved 
n P10S.n P1.n output strength select 


0 = P1.n has normal output strength. 

1 = P1.n has large output strength. 

Note that this bit is valid to switch normal/large source output strength only when 
its corresponding I/O is configured in its push-pull mode. 
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9. TIMER/COUNTER 0 AND 1 


Timer/Counter 0 and 1 on N76E616 are two 16-bit Timers/Counters. Each of them has two 8-bit 
registers those form the 16-bit counting register. For Timer/Counter 0, they are THO, the upper 8-bit 
register, and TLO, the lower 8-bit register. Similarly, Timer/Counter 1 has two 8-bit registers, TH1 and 
TL1. TCON and TMOD can configure modes of Timer/Counter 0 and 1. 


The Timer or Counter function is selected by the C/T bit in TMOD. Each Timer/Counter has its own 
selection bit. TMOD.2 selects the function for Timer/Counter 0 and TMOD.6 selects the function for 


Timer/Counter 1 


When configured as a "Timer", the timer counts the system clock cycles. The timer clock is 1/12 of the 
system clock (Fsys) for standard 8051 capability or direct the system clock for enhancement, which is 
selected by TOM (CKCON.3) bit for Timer 0 and T1M (CKCON.4) bit for Timer 1. In the "Counter" 
mode, the countering register increases on the falling edge of the external input pin TO. If the sampled 
value is high in one clock cycle and low in the next, a valid 1-to-0 transition is recognized on TO or T1 
pin. The N76E616 supports the LXT input mode when TOLXTM (T1LXTM) is set. It provides a 
constant overflow rate no matter how the system clock switches. In addition, each Timer/Counter can 


be set to operate in any one of four possible modes. Bits MO and M1 in TMOD do the mode selection. 


The Timers 0 and 1 can be configured to automatically toggle a port output whenever a timer overflow 
occurs. The same device pins that are used for the TO and T1 count inputs are also used for the timer 
toggle outputs. This function is enabled by control bits TOOE and T10E in the P1M1 register, and 
applies to Timer 0 and Timer 1 respectively. The port outputs will be logic 1 prior to the first timer 
overflow when this mode is turned on. In order for this mode to function, the C/T bit should be cleared 


selecting the system clock as the clock source for the timer. 


Note that the THO (TH1) and TLO (TL1) are accessed separately. It is strongly recommended that in 
mode 0 or 1, user should stop Timer temporally by clearing TRO (TR1) bit before reading from or 
writing to THO (TH1) and TLO (TL1). The free-running reading or writing may cause unpredictable 


result. 
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TMOD — Timer 0 and 1 Mode 
7 


Bee Eee SS eae Se Ss ES ee ee ee Sa a ea 


Address: 89H Reset value: 0000 0000b 





Bit Name Description 





7 GATE Timer 1 gate control 
0 = Timer 1 will clock when TR1 is 1 regardless of INT1 logic level. 
1 = Timer 1 will clock only when TR1 is 1 and INT71 is logic 1. 





6 C/T Timer 1 Counter/Timer select 
0 = Timer 1 is incremented by internal system clock. 
1 = Timer 1 is incremented by the falling edge of the external pin T1. 





M1 Timer 1 mode select 

M1 MO Timer 1 Mode 

Mo 0 Mode 0: 13-bit Timer/Counter 

0 1 Mode 1: 16-bit Timer/Counter 

1 0 Mode 2: 8-bit Timer/Counter with auto-reload from TH1 
1 1 Mode 3: Timer 1 halted 





Oo 





3 GATE Timer 0 gate control 
0 = Timer 0 will clock when TRO is 1 regardless of INTO logic level. 
1 = Timer 0 will clock only when TRO is 1 and INTO is logic 1. 





2 C/T Timer 0 Counter/Timer select 
0 = Timer 0 is incremented by internal system clock. 
1 = Timer 0 is incremented by the falling edge of the external pin TO. 











1 M1 Timer 0 mode select 
M1 MO ~=Timer 0 Mode 
0 Mo 0 0 Mode 0: 13-bit Timer/Counter 
0 1 Mode 1: 16-bit Timer/Counter 
1 0 Mode 2: 8-bit Timer/Counter with auto-reload from THO 
1 1 Mode 3: TLO as a 8-bit Timer/Counter and THO as a 8-bit 


Timer 








TCON - Timer 0 and 1 Control (Bit-addressable) 





Address: 88H Reset value: 0000 0000b 


Bit Name Description 





7 TF1 Timer 1 overflow flag 

This bit is set when Timer 1 overflows. It is automatically cleared by hardware 
when the program executes the Timer 1 interrupt service routine. This bit can be 
set or cleared by software. 





6 TR1 Timer 1 run control 

0 = Timer 1 Disabled. Clearing this bit will halt Timer 1 and the current count will 
be preserved in TH1 and TL1. 

1 = Timer 1 Enabled. 
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Bit Name Description 





5 TFO Timer 0 overflow flag 

This bit is set when Timer 0 overflows. It is automatically cleared via hardware 
when the program executes the Timer 0 interrupt service routine. This bit can be 
set or cleared by software. 





4 TRO Timer 0 run control 

0 = Timer 0 Disabled. Clearing this bit will halt Timer 0 and the current count will 
be preserved in THO and TLO. 

1 = Timer 0 Enabled. 











Address: 8AH Reset value: 0000 0000b 


Bit Name Description 


7:0 TLO[7:0] | Timer 0 low byte 
The TLO register is the low byte of the 16-bit counting register of Timer 0. 





THO — Timer 0 High Byte 


eg 





Address: 8CH Reset value: 0000 0000b 


Bit Name Description 


7:0 THO[7:0] | Timer 0 high byte 
The THO register is the high byte of the 16-bit counting register of Timer 0. 





TL1 — Timer 1 Low Byte 


eg 





Address: 8BH Reset value: 0000 0000b 


Bit Name Description 


7:0 TL1[7:0] | Timer 1 low byte 
The TL1 register is the low byte of the 16-bit counting register of Timer 1. 





TH1 — Timer 1 High Byte 


Dae an (‘Saar [eee (a eae (ee eae 





TH1[7:0] 


Address: 8DH Reset value: 0000 0000b 


Bit Name Description 


7:0 TH1[7:0] | Timer 1 high byte 
The TH1 register is the high byte of the 16-bit counting register of Timer 1. 





Feb 20, 2016 Page 40 of 179 Rev. 1.01 


nuVvoTON N76E616 Datasheet 
_OCOC~%C O)0U0UWUDUDUWUWUUWW0U 


excon= Clock Control 





Address: 8EH Reset value: 0000 0000b 


Bit Name Description 





4 T1iM Timer 1 clock mode select 

0 = The clock source of Timer 1 is the system clock divided by 12. It maintains 
standard 8051 compatibility. 

1 = The clock source of Timer 1 is direct the system clock. 





3 TOM Timer 0 clock mode select 

0 = The clock source of Timer 0 is the system clock divided by 12. It maintains 
standard 8051 compatibility. 

1 = The clock source of Timer 0 is direct the system clock. 








AUXRi1 - Auxiliary Register 1 


Ss Se eS a eS ae ar 
SWRF_ | RSTPINF | TILXTM | TOLXTM | Gre [= | oo] SPS 


[AW | | RA | Re | 


Address: A2H reset value: see Table 6—2. SFR Definitions and Reset Values 





Bit Name Description 


5 T1LXTM | Timer 1 LXT input mode 7 
O = Timer 1 counts the clock selected by C/T (TMOD.6) and T1M (CKCON.4). 
1 = Timer 1 counts the LXT clock. 


4 TOLXTM | Timer 0 LXT input mode _ 
0 = Timer 0 counts the clock selected by C/T (TMOD.2) and TOM (CKCON.3). 
1 = Timer 0 counts the LXT clock. 














P3M1 — Port 3 Mode Select 1 
7 


ee a |e a Se 
TIOE TOOE P3M1.5 | P3Mi.4 | P3M1.3 | P3M1.2 | P3M1.4 | P3M1.0 








Address: ACH, Page: 0 Reset value: 0011 1111b 
Bit Name Description 
7 T10E Timer 1 output enable 


0 = Timer 1 output Disabled. 

1 = Timer 1 output Enabled from T1 pin. 

Note that Timer 1 output should be enabled only when operating in its Timer 
mode. 


6 TOOE Timer 0 output enable 

0 = Timer 0 output Disabled. 

1 = Timer 0 output Enabled from TO pin. 

Note that Timer 0 output should be enabled only when operating in its Timer 
mode. 
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9.1 Mode 0 (13-Bit Timer) 


In Mode 0, the Timer/Counter is a 13-bit counter. The 13-bit counter consists of THO (TH1) and the 
five lower bits of TLO (TL1). The upper three bits of TLO (TL1) are ignored. The Timer/Counter is 
enabled when TRO (TR1) is set and either GATE is 0 or INTO (INT1) is 1. Gate setting as 1 allows the 
Timer to calculate the pulse width on external input pin INTO (INT1). When the 13-bit value moves 
from 1FFFH to OOOOH, the Timer overflow flag TFO (TF1) is set and an interrupt occurs if enabled. 


TOM (CKCON.3) 
(T1M (CKCON.4)) 
1/12 


0 
F NO ot 
: yo 
TO (T1) Pin Pe | rx 
F 
TOLXTM (AUXR1.4) 


(T1LXTM (AUXR1.5)) 

















TLO (TL1) 
4 Tl 








[o) 
























































TFO 





























Timer Interrupt 


TRO (TR1) | THO (TH1) OEY 
GATE — >oF 0 -—»| ft |> - se TO (T1) Pi 
TOOE (P3M1.6) Xx en 


INTO (INT1) pin > (T10E(P3M1.7)) 























Figure 9-1. Timer/Counters 0 and 1 in Mode 0 
9.2 Mode 1 (16-Bit Timer) 


Mode 1 is similar to Mode 0 except that the counting registers are fully used as a 16-bit counter. Roll- 
over occurs when a count moves FFFFH to OOOOH. The Timer overflow flag TFO (TF1) of the relevant 
Timer/Counter is set and an interrupt will occur if enabled. 


TOM (CKCON.3) 
(T1M (CKCON.4)) 


1/12 
Vo = 


ae 














Al 


0 
TO (11) Pin * a. 
Al 
F 
TOLXTM (AUXR1.4) 


(T1LXTM (AUXR1.5)) 





TLO (TL1) 






























































TFO 





























Timer Interrupt 


TRO (TR1) SS THO (TH1) (TF1) 
GATE —| >> ° -—»| ft > Be TO (11) Pi 
TOOE (P3M1.6) aa aa 


INTO (INT1) pin (T10E(P3M1.7)) 























Figure 9-2. Timer/Counters 0 and 1 in Mode 1 
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9.3 Mode 2 (8-Bit Auto-Reload Timer) 


In Mode 2, the Timer/Counter is in auto-reload mode. In this mode, TLO (TL1) acts as an 8-bit count 
register whereas THO (TH1) holds the reload value. When the TLO (TL1) register overflow, the TFO 
(TF1) bit in TCON is set, TLO (TL1) is reloaded with the contents of THO (TH1), and the counting 
process continues from here. The reload operation leaves the contents of the THO (TH1) register 
unchanged. This feature is best suitable for UART baud rate generator for it runs without continuous 
software intervention. Note that only Timer1 can be the baud rate source for UART. Counting is 
enabled by setting the TRO (TR1) bit as 1 and proper setting of GATE and INTO (INT1) pins. The 
functions of GATE and INTO (INT1) pins are just the same as Mode 0 and 1. 
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Figure 9-3. Timer/Counters 0 and 1 in Mode 2 
9.4 Mode 3 (Two Separate 8-Bit Timers) 


Mode 3 has different operating methods for Timer 0 and Timer 1. For Timer/Counter 1, Mode 3 simply 
freezes the counter. Timer/Counter 0, however, configures TLO and THO as two separate 8 bit count 
registers in this mode. TLO uses the Timer/Counter 0 control bits C/T, GATE, TRO, INTO, and TFO. 
The TLO also can be used as a 1-to-0 transition counter on pin TO as determined by C/T (TMOD.2). 
THO is forced as a clock cycle counter and takes over the usage of TR1 and TF1 from Timer/Counter 
1. Mode 3 is used in case that an extra 8 bit timer is needed. If Timer/Counter 0 is configured in Mode 
3, Timer/Counter 1 can be turned on or off by switching it out of or into its own Mode 3. It can still be 
used in Modes 0, 1 and 2 although its flexibility is restricted. It no longer has control over its overflow 
flag TF1 and the enable bit TR1. However Timer 1 can still be used as a Timer/Counter and retains 
the use of GATE, INT1 pin, T1M, and T1LXTM. It can be used as a baud rate generator for the serial 


port or other application not requiring an interrupt. 
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Figure 9-4. Timer/Counter 0 in Mode 3 
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10. TIMER 2A/2B/2C/2D 


The entire Time 2 block is combined with four identical timers: Timer 2A, Timer 2B, Timer 2C, and 
Timer 2D. Each timer is implemented simply by an auto-reload, down-counting counter. Note that 
each timer has the same structure and function. Its own control bits can control each of them 
individually. Each timer supports two operating modes including auto-reload mode and PWM mode, 
which is selected by T2xM in T2MODO or T2MOD1 register. User can select the pre-scale value by 
T2xPS[2:0] field. There are two output pins, which generate complementary 50% duty cycle or PWM 
waveform. In following descriptions and figures, Timer 2A is used as an illustration. The other three 
timers have the control method the same as Timer 2A. 


10.1 Auto-Reload Mode 


In auto-reload mode, contents in R2AH and R2AL registers are combined as a 16-bit reload value that 
determines the underflow rate of Timer 2A. After deciding the pre-scale value and filling proper values 
in R2AH and R2AL, user can set TR2A (T2CON.0) to start counting. After TR2A is set, R2AH and 
R2AL are loaded into the internal 16-bit counter and the counter starts down counting. When the 
counter underflows, TF2A (T2CON.4) is set as 1 by hardware which causes contents of the R2AH and 
R2AL registers to be reloaded again into the internal 16-bit down counter. If ET2A (EIE.2) is set as 1, 
the Timer 2A interrupt service routine will be served. In auto-reload mode, TF2A is auto-cleared by 
hardware after entering its interrupt service routine. There are two complementary output pins 
available and they toggle whenever the timer underflows. Control bits T2AOE1 and T2AOE2 in the 
T2OE register enable this function. T2AO1 will be logic 1 prior to the first underflow. The underflow 
period follows the equation below: 


256 x R2AH + R2AL + 1 
Fsys / Pre-scale 


Fsys ——-J Pre-scalar “hi Underflow TF2A : 
(1/171/1024) ee (r2con.ay| Timer 2A Interrupt 


TR2A | 
(T2CON.0) T2APS[2:0] is 
(T2MODO[2:0)) 


Period = 
































o— eo——® T2A01 pin 
T2AOE1(T20E.0) 


oe 0 ——® T2A02 pin 
T2AOE2(T20E.1) 








0 7\0 7 
R2AL R2AH 





















































Figure 10-1. Timer 2A Auto-Reload Mode Block Diagram 
10.2 PWM Mode 


In PWM mode, the down counter is configured as an 8-bit width. R2AH and R2AL are reloaded to the 


counter alternately when every matching 0 event occurs. R2AH determines the width of PWM output 
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high duty and R2AL the low duty. After setting proper pre-scale values in T2MODO and T2MOD1, user 
can set TR2A (T2CON.0) to start PWM output. Meanwhile, R2AH is loaded into the internal 8-bit 
counter and the counter starts down counting. T2AQ1 is logic 1 output before a matching O event 
occurs. Once a matching 0 event occurs, R2AL is reloaded and T2A01 toggles its output to logic 0. 
After the next matching 0 event, R2AH is reloaded again and T2A01 toggles back to logic 1. The timer 
runs so on repeatedly to generate continuous PWM waveform. The state of the other output pin 
T2AO2 is just the inverse of T2AO1. When every matching 0 event occurs, TF2A will be set as 1 to 
require a Timer 2A interrupt. In PWM mode, TF2A needs to be cleared via software by user. The 


PWM output duty cycle and period follow equations below: 


2AH 


PWM high duty cycle: alan 


PWM low duty cycle: ORO 


R2AH + R2AL 


PWM period: -——————. 
aia Fsys/ Pre-scale 


























Timer 2A 
Fsys Pre-scalar oa Match 0 Event TFDA 
(1/171/1024) 8-bit =| Counter (T2CON.4) Timer 2A Interrupt 
TR2A | 


(T2CON.0) T2APS[2:0] 





Repeat Control o—? T2A01 pin 








T2AOE1(T20E.0) 











(T2MODO[2:0]) a. 
oo T2A02 pin 
0 7) [0 ui T2AQE2(T20E.1) 
























































R2AL R2AH 


Figure 10-2. Timer 2A PWM Mode Block Diagram 
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R2AH (1st) 






















R2AL (1st) 





R2AH (2nd) 





R2AL (2nd) 











8-bit 
Counter 
Value 
R2AH is updated during this period | R2AL is updated during this period | 
T > i \ 
T2A01 


A 


TR1A = 1 (Timer 1A 





Counter matches 0, 


starts running), new R2AH is 
R2AH is loaded into loaded. The output 
8-bit down counter, of T2A01 is 1. 
The output of Counter matches 0, Counter matches 0, 
T2A01 is 1. R2AL is loaded into new R2AL is 
8-bit down counter. loaded. The output 
The output of of T2A01 is 0. 


T2A01 is 0. 


Figure 10-3. Timer 2A PWM Waveform 
10.3 Control Registers of Timer 2 


T2CON -— Timer 2 Control (Bit-addressable) 


ee | (a ea ee a ee ee ae ee 


TF2D TF2C TF2B TF2A TR2D TR2C TR2B TR2A 
| RW fT Rw RR RRR 


Address: C8H Reset value: 0000 0000b 
Bit Name Description 
7 TF2D Timer 2D flag 








This bit is set when Timer 2D underflows/matches 0. In auto-reload mode, TF2D 
is automatically cleared by hardware when the program executes the Timer 2D 
interrupt service routine. This bit can be set or cleared by software. 


6 TF2C Timer 2C lag 

This bit is set when Timer 2C underflows/matches 0. In auto-reload mode, TF2C 
is automatically cleared by hardware when the program executes the Timer 2C 
interrupt service routine. This bit can be set or cleared by software. 


5 TF2B Timer 2B flag 

This bit is set when Timer 2B underflows/matches 0. In auto-reload mode, TF2B is 
automatically cleared by hardware when the program executes the Timer 2B 
interrupt service routine. This bit can be set or cleared by software. 
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Bit Name Description 


4 TF2A Timer 2A flag 

This bit is set when Timer 2A underflows/matches 0. In auto-reload mode, TF2A is 
automatically cleared by hardware when the program executes the Timer 2A 
interrupt service routine. This bit can be set or cleared by software. 


3 TR2D Timer 2D run control 

0 = Timer 2D is stopped and reset. 

1 = Timer 2D starts running. 

Note that in auto-reload mode, the reload registers R2DH and R2DL can only be 
written when Timer 2D is halted (TR2D bit is 0). If any of R2DH or R2DL is written 
while TR2D is 1, the result is unpredictable. 


2 TR2C Timer 2C run control 

0 = Timer 2C is stopped and reset. 

1 = Timer 2C starts running. 

Note that in auto-reload mode, the reload registers R2CH and R2CL can only be 
written when Timer 2C is halted (TR2C bit is 0). If any of R2CH or R2CL is written 
while TR2C is 1, the result is unpredictable. 


1 TR2B Timer 2B run control 

0 = Timer 2B is stopped and reset. 

1 = Timer 2B starts running. 

Note that in auto-reload mode, the reload registers R2BH and R2BL can only be 
written when Timer 2B is halted (TR2B bit is 0). If any of R2BH or R2BL is written 
while TR2B is 1, the result is unpredictable. 


0 TR2A Timer 2A run control 

0 = Timer 2A is stopped and reset. 

1 = Timer 2A starts running. 

Note that in auto-reload mode, the reload registers R2AH and R2AL can only be 
written when Timer 2A is halted (TR2A bit is 0). If any of R2AH or R2AL is written 
while TR2A is 1, the result is unpredictable. 























T2MODO — Timer 2 Mode 0 


= Sia eS a SS a SS Ee eS ee a eS Se 








T2BM T2BPS[2:0] T2AM T2APS[2:0] 
Address: C9H Reset value: 0000 0000b 
Bit Name Description 
7 T2BM Timer 2B mode 


This bit selects the operation mode of Timer 2B. 

0 = Auto-reload mode. 

1 = PWM mode. 

Note that changing this bit may cause unpredictable result when TR2B is 1. 


6:4 T2BPS[2:0] | Timer 2B pre-scalar 

These bits determine the scale of the clock divider for Timer 2B. 
000 = 1/1. 

001 = 1/2. 

010 = 1/8. 

011 = 1/16. 

100 = 1/64. 

101 = 1/128. 

110 = 1/512. 

111 = 1/1024. 

Note that changing this field may cause unpredictable result when TR2B is 1. 
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Bit Name Description 


3 T2AM Timer 2A mode 

This bit selects the operation mode of Timer 2A. 

0 = Auto-reload mode. 

1 = PWM mode. 

Note that changing this bit may cause unpredictable result when TR2A is 1. 


2:0 T2APS[2:0] | Timer 2A pre-scalar 

These bits determine the scale of the clock divider for Timer 2A. 
000 = 1/1. 

001 = 1/2. 

010 = 1/8. 

011 = 1/16. 

100 = 1/64. 

101 = 1/128. 

110 = 1/512. 

111 = 1/1024. 

Note that changing this field may cause unpredictable result when TR2A is 1. 














T2MOD1 — Timer 2 Mode 1 








ee ee eS ees EE 2) Bee ee es ee ees eee 
T2DM T2DPS[2:0] T2CM T2CPS[2:0] 
Address: CAH Reset value: 0000 0000b 
Bit Name Description 
7 T2DM Timer 2D mode 


This bit selects the operation mode of Timer 2D. 

0 = Auto-reload mode. 

1 = PWM mode. 

Note that changing this bit may cause unpredictable result when TR2D is 1. 


6:4 T2DPS[2:0] | Timer 2D pre-scalar 

These bits determine the scale of the clock divider for Timer 2D. 
000 = 1/1. 

001 = 1/2. 

010 = 1/8. 

011 = 1/16. 

100 = 1/64. 

101 = 1/128. 

110 = 1/512. 

111 = 1/1024. 

Note that changing this field may cause unpredictable result when TR2D is 1. 


3 T2CM Timer 2C mode 

This bit selects the operation mode of Timer 2C. 

0 = Auto-reload mode. 

1 = PWM mode. 

Note that changing this bit may cause unpredictable result when TR2C is 1. 
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Bit Name Description 


2:0 T2CPS[2:0] | Timer 2C pre-scalar 

These bits determine the scale of the clock divider for Timer 2C. 
000 = 1/1. 

001 = 1/2. 

010 = 1/8. 

011 = 1/16. 

100 = 1/64. 

101 = 1/128. 

110 = 1/512. 

111 = 1/1024. 

Note that changing this field may cause unpredictable result when TR2C is 1. 











T2OE — Timer 2 Output Enable 


ee aa ae ee ee (ee ee ee ee ee eee 
T2DOE2 | T2DOE1 | T2COE2 | T2COE1 | T2BOE2 | T2BOE1 | T2AOE2 | T2AOEt 








Address: CBH Reset value: 0000 0000b 
Bit Name Description 
7 T2DOE2 | Timer 2D output enable 2 


0 = T2DO2 output Disabled. 
1 = T2DO2 output Enabled. 


6 T2DOE1 | Timer 2D output enable 1 
0 = T2DO1 output Disabled. 
1 = T2DO01 output Enabled. 


5 T2COE2 | Timer 2C output enable 2 
0 = T2CO2 output Disabled. 
1 = T2CO2 output Enabled. 


4 T2COE1 | Timer 2C output enable 1 
0 = T2CO1 output Disabled. 
1 = T2CO1 output Enabled. 


3 T2BOE2 | Timer 2B output enable 2 
0 = T2BO2 output Disabled. 
1 = T2BO2 output Enabled. 


2 T2BOE1 | Timer 2B output enable 1 
0 = T2BO1 output Disabled. 
1 = T2BO1 output Enabled. 


1 T2AOE2 | Timer 2A output enable 2 
0 = T2A02 output Disabled. 
1 = T2AO2 output Enabled. 


0 T2AOE1 | Timer 2A output enable 1 
0 = T2A01 output Disabled. 
1 = T2A01 output Enabled. 
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R2AL — Timer 2A Reload Low Byte 


SS Ss ee Se ae ee ee ee ee ee 


R2AL[7:0] 


Address: CCH Reset value: 0000 0000b 





Bit Name Description 


7:0 R2AL[7:0] | Timer 2A reload low byte 
In auto-reload mode, it holds the low byte of the reload value of Timer 2A. In PWM 
mode, it holds the low duty value. 





R2AH — Timer 2A Reload High Byte 


a ae a aa a a (ae Ne a a eee ee ee 


R2AH[7:0] 


Address: CDH Reset value: 0000 0000b 





Bit Name Description 


7:0 R2AH[7:0] | Timer 2A reload high byte 
In auto-reload mode, it holds the high byte of the reload value of Timer 2A. In 
PWM mode, it holds the high duty value. 





R2BL — Timer 2B Reload Low Byte 


a i ee ae ee ee ee a ee eS eS ee eee 


R2BL[7:0] 


Address: CEH Reset value: 0000 0000b 





Bit Name Description 


7:0 R2BL[7:0] | Timer 2B reload low byte 
In auto-reload mode, it holds the low byte of the reload value of Timer 2B. In PWM 
mode, it holds the low duty value. 





R2BH — Timer 2B Reload High Byte 


ae a ee es ee an ea ae ee ee Ss 


R2BH{7:0] 


Address: CFH Reset value: 0000 0000b 





Bit Name Description 


7:0 R2BH{[7:0] | Timer 2B reload high byte 
In auto-reload mode, it holds the high byte of the reload value of Timer 2B. In 
PWM mode, it holds the high duty value. 
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R2CL — Timer 2C Reload Low Byte 


SS aS eee Se Se ek a ee ee ee 


R2CL[7:0] 


Address: D4H Reset value: 0000 0000b 





Bit Name Description 


7:0 R2CL[7:0] | Timer 2C reload low byte 
In auto-reload mode, it holds the low byte of the reload value of Timer 2C. In 
PWM mode, it holds the low duty value. 





R2CH — Timer 2C Reload High Byte 


a aa ze a (ae a a a eee ee ee 


R2CH[7:0] 


Address: D5H Reset value: 0000 0000b 





Bit Name Description 


7:0 R2CH[7:0] | Timer 2C reload high byte 
In auto-reload mode, it holds the high byte of the reload value of Timer 2C. In 
PWM mode, it holds the high duty value. 





R2DL — Timer 2D Reload Low Byte 


Se ee ee eee ee ee ae ee ae eS ee eee 


R2DL[7:0] 


Address: D6H Reset value: 0000 0000b 





Bit Name Description 


7:0 R2DL[7:0] | Timer 2D reload low byte 
In auto-reload mode, it holds the low byte of the reload value of Timer 2D. In 
PWM mode, it holds the low duty value. 





R2DH — Timer 2D Reload High Byte 


a es es Sa eel ee ee er eS 


R2DH[7:0] 


Address: D7H Reset value: 0000 0000b 





Bit Name Description 


7:0 R2DH{[7:0] | Timer 2D reload high byte 
In auto-reload mode, it holds the high byte of the reload value of Timer 2D. In 
PWM mode, it holds the high duty value. 
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11. TIMER 3 


Timer 3 is implemented simply as a 16-bit auto-reload, up-counting timer. The user can select the pre- 
scale with T3PS[2:0] (T3CON[2:0]) and fill the reload value into R3H and R3L registers to determine 
its overflow rate. User then can set TR3 (T3CON.3) to start counting. When the counter rolls over 
FFFFH, TF3 (T3CON.4) is set as 1 and a reload is generated and causes the contents of the R3H and 
R3L registers to be reloaded into the internal 16-bit counter. If ET3 (EIE1.1) is set as 1, Timer 3 
interrupt service routine will be served. TF3 is auto-cleared by hardware after entering its interrupt 


service routine. 


Timer 3 can also be the baud rate clock source of both UARTSs. For details, please see Section 14.5 


“Baud Rate” on page 70. 


Timer 3 
| Fes |} — Pre-scalar : Overflow TF3 
16-bit Up Counter 
(1/1~1/128) a (T3CON.4) | Timer 3 Interrupt 


A 


TR3 | 
(T3CON.3) 
T3PS[2:0] 


(T3CON[2:0]) fo 710 7 
R3L R3H 


























































































Figure 11-1. Timer 3 Block Diagram 


T3CON — Timer 3 Control 








ae ae ae ee ee ee ee ee ee eee ee ee ee ee ee 
SMOD_1_| SMODO_1 BRCK T3PS[2:0] 
Address: C4H Reset value: 0000 0000b 
Bit Name Description 
4 TF3 Timer 3 overflow flag 


This bit is set when Timer 3 overflows. It is automatically cleared by hardware 
when the program executes the Timer 3 interrupt service routine. This bit can be 
set or cleared by software. 





3 TR3 Timer 3 run control 

0 = Timer 3 is halted. 

1 = Timer 3 starts running. 

Note that the reload registers R3H and R3L can only be written when Timer 3 is 
halted (TR3 bit is 0). If any of R3H or R3L is written if TR3 is 1, result is 
unpredictable. 
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Bit. | Name | Description = Name Description 


2:0 T3PS[2:0] | Timer 3 pre-scalar 

These bits determine the scale of the clock divider for Timer 3. 
000 = 1/1. 

001 = 1/2. 

010 = 1/4. 

011 = 1/8. 

100 = 1/16. 

101 = 1/32. 

110 = 1/64. 

111 = 1/128. 











R3L — Timer 3 Reload Low Byte 


SS || SSeS Sa ee LS] SI = Si 
R3L[7:0] 








Address: C5H Reset value: 0000 0000b 
Bit Name Description 
Timer 3 reload low byte 


7:0 R3L[7:0] 
It holds the low byte of the reload value of Timer 3. 





R3H — Timer 3 Reload High Byte 


ET 








Address: C6H Reset value: 0000 0000b 
Bit Name Description 
Timer 3 reload high byte 


7:0 R3H[7:0] 
It holds the high byte of the reload value of Time 3. 





Feb 20, 2016 Page 54 of 179 Rev. 1.01 


nuVvOoTON N76E616 Datasheet 
_ °° © O10 


12. WATCHDOG TIMER (WDT) 


The N76E616 provides one Watchdog Timer (WDT). It can be configured as a time-out reset timer to 
reset whole device. Once the device runs in an abnormal status or hangs up by outward interference, 
a WDT reset recover the system. It provides a system monitor, which improves the reliability of the 
system. Therefore, WDT is especially useful for system that is susceptible to noise, power glitches, or 
electrostatic discharge. The WDT also can be configured as a general purpose timer, of which the 
periodic interrupt serves as an event timer or a durational system supervisor in a monitoring system, 
which is able to operate during Idle or Power-down mode. WDTEN[3:0] (CONFIG4[7:4]) initialize the 


WDT to operate as a time-out reset timer or a general purpose timer. 


oe 





Factory default value: 1111 1111b 


Bit Name Description 


7:4 WDTEN|[3:0] | WDT enable 

This field configures the WDT behavior after MCU execution. 

1111 =WDT is Disabled. WDT can be used as a general-purpose timer via 
software control. 

0101 = WDT is Enabled as a time-out reset timer and it stops running during 
Idle or Power-down mode. 

Others = WDT is Enabled as a time-out reset timer and it keeps running during 

Idle or Power-down mode. 











The WDT is implemented with a set of divider that divides the LIRC clock nominal 10 kHz. The divider 
output is selectable and determines the time-out interval. When the time-out interval is fulfilled, it will 
wake the system up from Idle or Power-down mode and an interrupt event will occur if WDT interrupt 
is enabled. If WDT is initialized as a time-out reset timer, a system reset will occur after a period of 


delay if without any software action. 


WDCON - Watchdog Timer Conirol (TA protected) 





ae ae a a a ee a eee ee eee ee 
WDTR WDCLR WDTF WIDPD WDTRF"" WDPS/[2:0]"! 
Pp RW Rw RT ORT OR Ci CCi=*”z 
Address: AAH Reset value: see Table 6—2. SFR Definitions and Reset Values 
Bit Name Description 
7 WDTR WDT run 





This bit is valid only when control bits in WOTEN[3:0] (CONFIG4[7:4]) are all 1. 
At this time, WDT works as a general-purpose timer. 

0 = WDT Disabled. 

1 = WDT Enabled. The WDT counter starts running. 
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Bit Name Description 


6 WDCLR_ | WDT clear 

Setting this bit will reset the WDT count to OOH. It puts the counter in a known 
state and prohibits the system from unpredictable reset. The meaning of writing 
and reading WDCLR bit is different. 





Writing: 

0 = No effect. 

1 = Clearing WDT counter. 
Reading: 


0 = WDT counter is completely cleared. 
1 =WDT counter is not yet cleared. 








5 WDTF WDT time-out flag 
This bit indicates an overflow of WDT counter. This flag should be cleared by 
software. 

4 WIDPD WDT running in Idle or Power-down mode 


This bit is valid only when control bits in WDTEN[3:0] (CONFIG4[7:4]) are all 1. It 
decides whether WDT runs in Idle or Power-down mode when WDT works as a 
general purpose timer. 

0 = WDT stops running during Idle or Power-down mode. 

1 = WDT keeps running during Idle or Power-down mode. 


3 WDTRF WDT reset flag 
When the CPU is reset by WDT time-out event, this bit will be set via hardware. 
This flag is recommended to be cleared via software after reset. 


2:0 WDPS[2:0] | WDT clock pre-scalar select 
These bits determine the pre-scale of WDT clock from 1/1 through 1/256. See 
Table 12-1. The default is the maximum pre-scale value. 














[1] WDTRF will be cleared after power-on reset, be set after WDT reset, and remains unchanged after any other 
resets. 
[2] WDPS[2:0] are all set after power-on reset and keep unchanged after any reset other than power-on reset. 


{ 


The Watchdog time-out interval is determined by the equation Fine x clock dividerscalar x64, where 





Fiirc is the frequency of 10 kHz internal oscillator. The following table shows an example of the 


Watchdog time-out interval with different pre-scales. 
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Table 12-1. Watchdog Timer-out Interval Under Different Pre-scalars 


Clock Divider | Watchdog Time-out Interval 
on a —— ——— = re sais 


| = 40ms ms 


a 
Oe OT 





a 
SS 
SS 
Ss 





12.1 Time-Out Reset Timer 


When the CONFIG bits WDTEN[3:0] (CONFIG4[7:4]) is not FH, the WDT is initialized as a time-out 
reset timer. If WDTEN[3:0] is not 5H, the WDT is allowed to continue running after the system enters 
Idle or Power-down mode. Note that when WDT is initialized as a time-out reset timer, WDTR and 
WIDPD has no function. 


i Pre-scalar ror WDT Counter oop EEE 512-Clock 
(1/17 1/256) (6-bit) Presa eae | 


WDPS[2:0] WDCLR 


WDT Reset 





WDT Interrupt 
Figure 12-1. WDT as A Time-Out Reset Timer 


After the device is powered and it starts to execute software code, the WDT starts counting 
simultaneously. The time-out interval is selected by the three bits WDPS[2:0] (WDCON|[2:0]). When 
the selected time-out occurs, the WDT will set the interrupt flag WDTF (WDCON.5). If the WDT 
interrupt enable bit EWDT (EIE.4) and global interrupt enable EA are both set, the WDT interrupt 
routine will be executed. Meanwhile, an additional 512 clocks of the LIRC delays to expect a counter 
clearing by setting WDCLR to avoid the system reset by WDT if the device operates normally. If no 
counter reset by writing 1 to WDCLR during this 512-clock period, a WDT reset will happen. Setting 
WDCLR bit is used to clear the counter of the WDT. This bit is self-cleared for user monitoring it. Once 
a reset due to WDT occurs, the WDT reset flag WDTRF (WDCON.3) will be set. This bit keeps 
unchanged after any reset other than a power-on reset. User may clear WDTRF via software. Note 


that all bits in WDCON require timed access writing. 
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The main application of the WDT with time-out reset enabling is for the system monitor. This is 
important in real-time control applications. In case of some power glitches or electro-magnetic 
interference, CPU may begin to execute erroneous codes and operate in an unpredictable state. If this 
is left unchecked the entire system may crash. Using the WDT during software development requires 
user to select proper “Feeding Dog” time by clearing the WDT counter. By inserting the instruction of 
setting WDCLR, it allows the code to run without any WDT reset. However If any erroneous code 
executes by any interference, the instructions to clear the WDT counter will not be executed at the 
required instants. Thus, the WDT reset will occur to reset the system state from an erroneously 


executing condition and recover the system. 
12.2 General Purpose Timer 


There is another application of the WDT, which is used as a simple, long period timer. When the 
CONFIG bits WDTEN[3:0] (CONFIG4[7:4]) is FH, the WDT is initialized as a general purpose timer. In 
this mode, WDTR and WIDPD are fully accessed via software. 


Pre-scalar 
(1/1~1/256) 


WDPS[2:0] WDCLR 





rfl 
WDT Counter [overflow WDT Interrupt 






Figure 12-2. Watchdog Timer Block Diagram 


The WDT starts running by setting WDTR as 1 and halts by clearing WDTR as 0. The WDTF flag will 
be set while the WDT completes the selected time interval. The software polls the WDTF flag to detect 
a time-out. An interrupt will occur if the individual interrupt EWDT (EIE.4) and global interrupt enable 
EA is set. WDT will continue counting. User should clear WDTF and wait for the next overflow by 


polling WDTF flag or waiting for the interrupt occurrence. 


In some application of low power consumption, the CPU usually stays in Idle mode when nothing 
needs to be served to save power consumption. After a while the CPU will be woken up to check if 
anything needs to be served at an interval of programmed period implemented by Timer 0 to Timer 3. 
However, the current consumption of Idle mode still Keeps at a “mA” level. To further reducing the 
current consumption to “yA” level, the CPU should stay in Power-down mode when nothing needs to 
be served, and has the ability of waking up at a programmable interval. The N76E616 is equipped with 
this useful function by WDT waking up. It provides a very low power LIRC as the clock source of the 


WDT. It is also able to count under Power-down mode and wake CPU up. 
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The demo code to accomplish this feature is shown below. 





ORG 0000H 
LJMP START 


ORG 0053H 
LJMP WDT_ISR 





ORG 0100H 


PRE RRR EKER KK KKK KKK KK KEK KKK KKK KK EK KK KKK KKK RK KK KEK KR KKK KKK KKK RK KK KK KK KK 


;WDT interrupt service routine 
PRR RRKRRRKRKR KERR KERR KE KK EK KK EK KARR KERR ERK EK KEK ERK ERK KEK KER KEKKEKEKKEREKK KK 








WDT_ISR: 
CLR EA 
MOV TA, #0AAH 
MOV TA, #55H 
ANL WDCON, #11011111B ;clear WDT interrupt flag 
SETB EA 
RETI 





PRE RK KR EK KERR KEK KK KEK KK RK KKK KKK KK RK KK KK KEK KK RK KK EK KR KRK KK KK KK KK RK KK KK KK KK 


;Start here 
PRE RRKREK RK KEEK KEKE KE RK RK K KEK KARR KERR EK KE KKK KEK KER KKK KEKE KKKEKKEKREKRK KK 








START: 

MOV TA, #0AAH 

MOV TA, #55H 

ORL WDCON, #00010111B ;choose interval length and enable WDT running 
during ; Power-down 

SETB EWDT ;enable WDT interrupt 

SETB EA 

MOV TA, #0AAH 

MOV TA, #55H 











, 
ORL WDCON, #10000000B ; WDT run 


p RR RR REK RK EK EK EK EK EK KK EK KK EK KK EK KK EK KK EK KK EK KK EK KK EK KEK EK KEK EK KEKE KKK EK KK 





;Enter Power-down mode 

PRR RRR EK KEK KK RK KK RK KKK KKK KKK KKK RK KK KK KKK ERK KK KKK KKK KK KKEKKKKRKKKKKKK KK 
LOOP: 

ORL PCON, #02H 

LUMP LOOP 
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13. SELF WAKE-UP TIMER (WKT) 


The N76E616 has a dedicated Self Wake-up Timer (WKT), which serves for a periodic wake-up timer 
in low power mode or for general-purpose timer. WKT remains counting in Idle or Power-down mode. 
When WKT is being used as a wake-up timer, a start of WKT can occur just prior to entering a power 
management mode. WKT has two clock sources, LIRC or LXT, determined by WKTCKS (WKCON.5) 
bit. Note that the system clock frequency must be twice over WKT clock. If WKT starts counting, the 
selected clock source will remain active once the device enters Idle or Power-down mode. Note that 
the selected clock source of WKT will not automatically enable along with WKT configuration. User 
should manually enable the selected clock source and waiting for stability to ensure a proper 


operation. 


The WKT is implemented simply as a 8-bit auto-reload, up-counting timer with pre-scale 1/1 to 1/512 
selected by WKPS[2:0] (WKCON[2:0]). User fills the reload value into RWK register to determine its 
overflow rate. The WKTR (WKCON.3) can be set to start counting. When the counter rolls over FFH, 
WKTF (WKCON.4) is set as 1 and a reload is generated and causes the contents of the RWK register 
to be reloaded into the internal 8-bit counter. If EWKT (EIE1.2) is set as 1, WKT interrupt service 


routine will be served. 


LIRC 


WKT 


" 



























Pre-scalar WKTF 
(1/17 1/2048) (WKCON.4) 














Al 8-bit Up Counter WKT Interrupt 
LXT 4 
WKTCKS 
(WKCON.5) WKPS[2:0] 
(WKCON.3) RWK 





























Figure 13-1. Self Wake-Up Timer Block Diagram 


WKCON - Self Wake-up Timer Control 


—————— 
| WKTCKS | WKTF_ | WKTR | WKPS[2:0] 
es || 








R/W 
Address: 8FH Reset value: 0000 0000b 
Bit Name Description 
5 WKTCKS | WKT clock source select 
0 =LIRC. 
1 =LXT. 


Note that this bit cannot be switched on-the-fly when WKT is running. It must be 
selected before WKTR is set as 1. 


4 WKTF WKT overflow flag 

This bit is set when WKT overflows. If the WKT interrupt and the global interrupt 
are enabled, setting this bit will make CPU execute WKT interrupt service 
routine. This bit is not automatically cleared via hardware and should be cleared 
via software. 
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Bit Name Description 


3 WKTR WKT run control 

0 = WKT is halted. 

1 = WKT starts running. 

Note that the reload register RWK can only be written when WKT is halted 
(WKTR bit is 0). If WKT is written while WKTR is 1, result is unpredictable. 


2:0 WKPS[2:0] | WKT pre-scalar 

These bits determine the pre-scale of WKT clock. 
000 = 1/1. 

001 = 1/4. 

010 = 1/16. 

011 = 1/64. 

100 = 1/256. 

101 = 1/512. 

110 = 1/1024. 

111 = 1/2048. 














RWK -— Self Wake-up Timer Reload Byte 


RWK(7:0] 





R/W 
Address: 86H Reset value: 0000 0000b 


Bit Name Description 


7:0 RWK[7:0] | WKT reload byte 
It holds the 8-bit reload value of WKT. Note that RWK should not be FFH if the 
pre-scale is 1/1 for implement limitation. 
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14. SERIAL PORT (UART) 


The N76E616 includes two enhanced full duplex serial ports enhanced with automatic address 
recognition and framing error detection. As control bits of these two serial ports are implemented the 
same, the bit names (including interrupt enabling or priority setting bits) end with “_1” (e.g. SCON_1) 
to indicate serial port 1 control bits for making a distinction between these two serial ports. General 
speaking, in the following contents, there will not be any reference to serial port 1, but only to serial 
port 0. 


Each serial port supports one synchronous communication mode, Mode 0, and three modes of full 
duplex UART (Universal Asynchronous Receiver and Transmitter), Mode 1, 2, and 3. This means it 
can transmit and receive simultaneously. The serial port is also receiving-buffered, meaning it can 
commence reception of a second byte before a previously received byte has been read from the 
register. The receiving and transmitting registers are both accessed at SBUF. Writing to SBUF loads 
the transmitting register, and reading SBUF accesses a physically separate receiving register. There 
are four operation modes in serial port. In all four modes, transmission initiates by any instruction that 
uses SBUF as a destination register. 


SCON - Serial Port Conirol (Bit-addressable) 
iS ae SS ee Ses a ee ae ee ee eg) 
SMO/FE 


| 
ei eee 











Address: 98H Reset value: 0000 0000b 
Bit Name Description 
7 SMO/FE_ | Serial port mode select 
6 SM1 SMODO (PCON.6) = 0: 


See Table 14-1. Serial Port 0 Mode Description for details. 
SMODO (PCON.6) = 1: 


SMO/FE bit is used as frame error (FE) status flag. It is cleared by software. 
0 = Frame error (FE) did not occur. 
1 = Frame error (FE) occurred and detected. 
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Bit Name Description 
5 SM2 Multiprocessor communication mode enable 
The function of this bit is dependent on the serial port 0 mode. 
Mode 0: 


This bit selects the baud rate between Fsys/12 and Fsys/2. 
0 = The clock runs at Fsys/12 baud rate. It maintains standard 8051 
compatibility. 
1 = The clock runs at Fsys/2 baud rate for faster serial communication. 


Mode 1: 
This bit checks valid stop bit. 
0 = Reception is always valid no matter the logic level of stop bit. 
1 = Reception is valid only when the received stop bit is logic 1 and the 
received data matches “Given” or “Broadcast” address. 


Mode 2 or 3: 
For multiprocessor communication. 
0 = Reception is always valid no matter the logic level of the 9th bit. 
1 = Reception is valid only when the received 9th bit is logic 1 and the 
received data matches “Given” or “Broadcast” address. 








4 REN Receiving enable 

0 = Serial port 0 reception Disabled. 

1 = Serial port 0 reception Enabled in Mode 1,2, or 3. In Mode 0, reception is 
initiated by the condition REN = 1 and RI = 0. 


3 TB8 9th transmitted bit 
This bit defines the state of the 9th transmission bit in serial port 0 Mode 2 or 3. It 
is not used in Mode 0 or 1. 


2 RB8 9th received bit 

The bit identifies the logic level of the 9th received bit in serial port O Mode 2 or 3. 
In Mode 1, RB8 is the logic level of the received stop bit. SM2 bit as logic 1 has 
restriction for exception. RB8 is not used in Mode 0. 











1 TI Transmission interrupt flag 

This flag is set by hardware when a data frame has been transmitted by the serial 
port 0 after the 8th bit in Mode 0 or the last data bit in other modes. When the 
serial port 0 interrupt is enabled, setting this bit causes the CPU to execute the 
serial port 0 interrupt service routine. This bit should be cleared manually via 
software. 





0 RI Receiving interrupt flag 

This flag is set via hardware when a data frame has been received by the serial 
port 0 after the 8th bit in Mode 0 or after sampling the stop bit in Mode 1, 2, or 3. 
SN2 bit as logic 1 has restriction for exception. When the serial port 0 interrupt is 
enabled, setting this bit causes the CPU to execute to the serial port 0 interrupt 
service routine. This bit should be cleared manually via software. 
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SCON_1 - Serial Port 1 Control (bit-addressable) 


a = a ee aS ee a Ee ES Ss Ee SS eee 
SMO_1/FE_1| SM1_1 SM2_1 REN_1 TB8_1 RB8_1 





Address: F8H Reset value: 0000 0000b 


Bit Name Description 





7 SMO_1/FE_1 | Serial port 1 mode select 


6 SM1_1 SMODO_1 (T3CON.6) = 0: 
See Table 14—2. Serial Port 1 Mode Description for details. 


SMODO_1 (T3CON.6) = 1: 
SMO0_1/FE_1 bit is used as frame error (FE) status flag. It is cleared by 
software. 

0 = Frame error (FE) did not occur. 

1 = Frame error (FE) occurred and detected. 














5 SM2_1 Multiprocessor communication mode enable 
The function of this bit is dependent on the serial port 1 mode. 


Mode 0: 
No effect. 


Mode 1: 
This bit checks valid stop bit. 
0 = Reception is always valid no matter the logic level of stop bit. 
1 = Reception is valid only when the received stop bit is logic 1 and 
the received data matches “Given” or “Broadcast” address. 


Mode 2 or 3: 
For multiprocessor communication. 
0 = Reception is always valid no matter the logic level of the 9th bit. 
1 = Reception is valid only when the received 9th bit is logic 1 and 
the received data matches “Given” or “Broadcast” address. 





4 REN_1 Receiving enable 

0 = Serial port 1 reception Disabled. 

1 = Serial port 1 reception Enabled in Mode 1,2, or 3. In Mode 0, reception is 
initiated by the condition REN_1 = 1 and RI_1 =0. 


3 TB8_1 9th transmitted bit 
This bit defines the state of the 9th transmission bit in serial port 1 Mode 2 or 3. 
It is not used in Mode 0 or 1. 








2 RB8_1 9th received bit 

The bit identifies the logic level of the 9th received bit in serial port 1 Mode 2 or 
3. In Mode 1, RB8_1 is the logic level of the received stop bit. SM2_1 bit as 
logic 1 has restriction for exception. RB8_1 is not used in Mode 0. 





1 TL1 Transmission interrupt flag 

This flag is set by hardware when a data frame has been transmitted by the 
serial port 1 after the 8th bit in Mode 0 or the last data bit in other modes. 
When the serial port 1 interrupt is enabled, setting this bit causes the CPU to 
execute the serial port 1 interrupt service routine. This bit must be cleared 
manually via software. 





0 RI_1 Receiving interrupt flag 

This flag is set via hardware when a data frame has been received by the serial 
port 1 after the 8th bit in Mode 0 or after sampling the stop bit in Mode 1, 2, or 
3. SM2_1 bit as logic 1 has restriction for exception. When the serial port 1 
interrupt is enabled, setting this bit causes the CPU to execute to the serial port 
1 interrupt service routine. This bit must be cleared manually via software. 
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PCON — Power Control 


a a a ae ea ae ee ee ee et ee ee 
SMOD_| SMODO | = | POF {| Gri | GFO | PD 





| Rw | Rw TTR ERR 


Address: 87H Reset value: see Table 6-2. SFR Definitions and Reset Values 


Bit Name Description 


7 SMOD Serial port 0 double baud rate enable 
Setting this bit doubles the serial port baud rate when UARTO is in Mode 2 or 
when Timer 1 overflow is used as the baud rate source of UARTO Mode 1 or 3. 


See Table 14-1. Serial Port 0 Mode Description for details. 
6 SMODO | Serial port 0 framing error flag access enable 


0 = SCON.7 accesses to SMO bit. 
1 = SCON.7 accesses to FE bit. 














T3CON - Timer 3 Control 
aR oe aaa ee a ee a ee ee ee ee ee ee ee 
SMOD_1_| SMODO_1 BRCK | TF3 | TR3_ | TaPsi2: 0] 





| RW fT Rw RRR 





Address: C4H Foser value: 0000 0000b 
Bit Name Description 
7 SMOD_1 Serial port 1 double baud rate enable 


Setting this bit doubles the serial port baud rate when UART1 is in Mode 2. See 
Table 14—2. Serial Port 1 Mode Description for details. 








6 SMOD0_1 | Serial port 1 framing error access enable 
0 = SCON_1.7 accesses to SM0_1 bit. 
1 = SCON_1.7 accesses to FE_1 bit. 








Table 14-1. Serial Port 0 Mode Description 


[1] While SM2 (SCON.5) is logic 1. 
[2] While SMOD (PCON.7) is logic 1. 





Table 14-2. Serial Port 1 Mode Description 





Feb 20, 2016 Page 65 of 179 Rev. 1.01 


nuVvoTON N76E616 Datasheet 
OQ 


[1] While SM2_1 (SCON_1.5) is logic 1. 
[2] While SMOD_1 (T3CON.7) is logic 1. 


SBUF -— Serial Port 0 Data Buffer 


Sa Sa a ee ee ee ee ae ee Se eS 
SBUF[7:0] 





Address: 99H Reset value: 0000 0000b 


Bit Name Description 


7:0 SBUF[7:0] | Serial port 0 data buffer 

This byte actually consists two separate registers. One is the receiving resister, 
and the other is the transmitting buffer. When data is moved to SBUF, it goes to 
the transmitting buffer and is shifted for serial transmission. When data is moved 
from SBUF, it comes from the receiving register. 

The transmission is initiated through giving data to SBUF. 











SBUF_1 — Serial Port 1 Data Buffer 


a (a ee (ae aa | a ae ee a ae ee eel 


SBUF_1[7:0] 


Address: 9AH Reset value: 0000 0000b 





Bit Name Description 





7:0 SBUF_1[7:0] | Serial port 1 data buffer 

This byte actually consists two separate registers. One is the receiving resister, 
and the other is the transmitting buffer. When data is moved to SBUF_1, it 
goes to the transmitting buffer and is shifted for serial transmission. When data 
is moved from SBUF_1, it comes from the receiving register. 

The transmission is initiated through giving data to SBUF_1. 








14.1 Mode 0 


Mode 0 provides synchronous communication with external devices. Serial data enters and exits 
through RXD pin. TXD outputs the shift clocks. 8-bit frame of data are transmitted or received. Mode 0 
therefore provides half-duplex communication because the transmitting or receiving data is via the 
same data line RXD. The baud rate is enhanced to be selected as Fsys/12 if SM2 (SCON.5) is 0 or as 
Fsys/2 if SM2 is 1. Note that whenever transmitting or receiving, the serial clock is always generated 
by the MCU. Thus any device on the serial port in Mode 0 should accept the MCU as the master. 
Figure 14-1 shows the associated timing of the serial port in Mode 0. 
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TRANSMIT TIMING 


LDSBUF WRITE TO SBUF 





SHIFT | ON | GO 9 9 SC | GO) | 
call OUT) DO D1 D2 D3 D4 D5 D6 D7 





ars — “EP tS EP EP ete ts tl 
(DATA CLOCK) 
eS 


RECEIVE TIMING 


RDSBUF WRITE TO SCON (CLEAR RI) 
SHIFT ee | ON | GN) 9 NG | GO |G | 


caTKii (BOXXX XBOX OKO 


om — LJILILIUU LUPUS Ub” 
(DATA CLOCK) 


Figure 14-1. Serial Port Mode 0 Timing Diagram 


As shown there is one bi-directional data line (RXD) and one shift clock line (TXD). The shift clocks 
are used to shift data in or out of the serial port controller bit by bit for a serial communication. Data 


bits enter or emit LSB first. The band rate is equal to the shift clock frequency. 


Transmission is initiated by any instruction writes to SBUF. The control block will then shift out the 
clocks and begin to transfer data until all 8 bits are complete. Then the transmitted flag Tl (SCON.1) 


will be set 1 to indicate one byte transmitting complete. 


Reception is initiated by the condition REN (SCON.4) = 1 and RI (SCON.0) = 0. This condition tells the 
serial port controller that there is data to be shifted in. This process will continue until 8 bits have been 
received. Then the received flag RI will be set as 1. User can clear RI to triggering the next byte 


reception. 
14.2 Mode 1 


Mode 1 supports asynchronous, full duplex serial communication. The asynchronous mode is 
commonly used for communication with PCs, modems or other similar interfaces. In Mode 1, 10 bits 
are transmitted through TXD or received through RXD including a start bit (logic 0), 8 data bits (LSB 
first) and a stop bit (logic 1). The Timer 1 determines the baud rate. SMOD (PCON.7) setting 1 makes 
the baud rate double. Figure 14-2 shows the associated timings of the serial port in Mode 1 for 


transmitting and receiving. 
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TRANSMIT TIMING 


LDSBUF (Re 
eer | (Eee | emer | ESM | RAEN | ee | POM | ne || | 


bias start /_p0 X bi _X b2 Xs X ps X ps X bs X v7 / STOP 


RECEIVE TIMING 


_ start/_p0 X bi _X_b2 X ps X ps X ps X ps X b7 / STOP 
BIT DETECTOR 


SAMPLING 


saier ————_JL__JL_JL_ JL JL JL JL JL JL JL _ 
RI a ( 


Figure 14-2. Serial Port Mode 1 Timing Diagram 





Transmission is initiated by any writing instructions to SBUF. Transmission takes place on TXD pin. 
First, the start bit comes out; the 8-bit data follows to be shifted out and then ends with a stop bit. After 
the stop bit appears, Tl (SCON.1) will be set to indicate one-byte transmission complete. All bits are 


shifted out depending on the rate determined by the baud rate generator. 


Once the baud rate generator is activated and REN (SCON.4) is 1, the reception can begin at any 
time. Reception is initiated by a detected 1-to-0 transition at RXD. Data will be sampled and shifted in 
at the selected baud rate. In the midst of the stop bit, certain conditions should be met to load SBUF 


with the received data: 
1. Rl (SCON.O) = 0, and 


2. Either SM2 (SCON.5) = 0, or the received stop bit = 1 while SM2 = 1 and the received data matches 
“Given” or “Broadcast” address. (For enhancement function, see 14.7 “Multiprocessor 


Communication” and 14.8 “Automatic Address Recognition”.) 


If these conditions are met, then the SBUF will be loaded with the received data, the RB8 (SCON.2) 
with stop bit, and RI will be set. If these conditions fail, there will be no data loaded and RI will remain 
0. After above receiving progress, the serial control will look forward another 1-to-0 transition on RXD 


pin to start next data reception. 
14.3 Mode 2 


Mode 2 supports asynchronous, full duplex serial communication. Different from Mode1, there are 11 
bits to be transmitted or received. They are a start bit (logic 0), 8 data bits (LSB first), a programmable 
9th bit TB8 or RB8 bit and a stop bit (logic 1). The most common use of 9th bit is to put the parity bit in 


it or to label address or data frame for multiprocessor communication. The baud rate is fixed as 1/32 
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or 1/64 the system clock frequency depending on SMOD (PCON.7) bit. Figure 14-3 shows the 





associated timings of the serial port in Mode 2 for transmitting and receiving. 


TRANSMIT TIMING 


LDSBUF a 
SHIFT 


= start/_p0 X_b1_X b2 X Ds X D4 X ps X ps X D7 X 188 /STOP 


RECEIVE TIMING 


ind sTaRT/ bo X D1 X b2 X ds X D4 X ps X ds X b7 X RBs / STOP 
BIT DETECTOR 


SAMPLING 


supp —— J L_JL_JL__JL_ JILL LE LE_L_ SL 
SMODO = 0, RI ee 
SMODO = 1, RI ay 


Figure 14-3. Serial Port Mode 2 and 3 Timing Diagram 
Transmission is initiated by any writing instructions to SBUF. Transmission takes place on TXD pin. 


First, the start bit comes out, the 8-bit data and bit TB8 (SCON.3) follows to be shifted out and then 


ends with a stop bit. After the stop bit appears, TI will be set to indicate the transmission complete. 


While REN is set, the reception is allowed at any time. A falling edge of a start bit on RXD will initiate 
the reception progress. Data will be sampled and shifted in at the selected baud rate. In the midst of 
the stop bit, certain conditions should be met to load SBUF with the received data: 


1. RI (SCON.0) = 0, and 


2. Either SM2 (SCON.5) = 0, or the received 9th bit = 1 while SM2 = 1 and the received data matches 
“Given” or “Broadcast” address. (For enhancement function, see 14.7 “Multiprocessor 
Communication” and 14.8 “Automatic Address Recognition”.) 


If these conditions are met, the SBUF will be loaded with the received data, the RB8(SCON.2) with the 
received 9th bit and RI will be set. If these conditions fail, there will be no data loaded and RI will 
remain 0. After above receiving progress, the serial control will look forward another 1-to-0 transition 
on RXD pin to start next data reception. 
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14.4 Mode 3 


Mode 3 has the same operation as Mode 2, except its baud rate clock source uses Timer 1 overflows 
as its baud rate clocks. See Figure 14-3 for timing diagram of Mode 3. It has no difference from Mode 
2. 


14.5 Baud Rate 


The baud rate source and speed for different modes of serial port is quite different from one another. 
All cases are listed in Table 14—3. The user should calculate the baud rate according to their system 


configuration. 


In Mode 1 or 3, the baud rate clock source of UARTO can be selected from Timer 1 or Timer 3. User 
can select the baud rate clock source by BRCK (T3CON.5). For UART1, its baud rate clock comes 


only from Timer 3 as its unique clock source. 


T3CON — Timer 3 Control 








Po? DB BZ 
SMOD_1_| SMODO_1 BRCK T3PS[2:0] 
Address: C4H Reset value: 0000 0000b 
Bit Name Description 
5 BRCK Serial port 0 baud rate clock source 


This bit selects which Timer is used as the baud rate clock source when serial 
port 0 is in Mode 1 or 3. 

0 = Timer 1. 

1 = Timer 3. 








When using Timer 1 as the baud rate clock source, note that the Timer 1 interrupt should be disabled. 
Timer 1 itself can be configured for either “Timer” or “Counter” operation. It can be in any of its three 
running modes. However, in the most typical applications, it is configured for “Timer” operation, in the 
auto-reload mode (Mode 2). If using Timer 3 as the baud rate generator, its interrupt should also be 
disabled. 


Table 14-3. UART Baud Rate Equations 


UART Mode Baud Rate Clock Source Baud Rate 


System clock Feys/12 or Feys/2™ 


System clock Feys/64 OF Foyg/32”! 


gSMOD 


SMOD 
Fsys 2 Fsvs iy 


Timer 1 (only for UARTO)® 32 12x(256-TH1) | 32. 256-THI 
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UART Mode Baud Rate Clock Source Baud Rate 


SMOD 
2 Fsys ” 


x 
32 Pre-scalex (65536 - {R3H,R3L}) 





Timer 3 (for VARTO) 


ty Fsys [5 
16 Pre-scalex (65536 - {R3H,R3L}) 


[1] SM2 (SCON.5) or SM2_1(SCON_1.5) is set as logic 1. 

[2] SMOD (PCON.7) or SMOD_1(T3CON.7) is set as logic 1. 

[3] Timer 1 is configured as a timer in auto-reload mode (Mode 2). 

[4] T1M (CKCON.4) is set as logic 1. While SMOD is 1, TH1 should not be FFH. 

[5] {R3H,R3L} in the equation means 256 x RH3+RL3. While SMOD is 1 and pre-scale is 1/1, {R8H,R3L} should 
not be FFFFH. 





Timer 3 (for VART1) 





Table 14—4 lists various commonly used baud rates and how they can be obtained with Timer 1. In 
this mode, Timer 1 operates as an auto-reload Timer with SMOD (PCON.7) is 0 and T1M (CKCON.4) 
is 0. Table 14—5 is related to UARTO for Timer 3. This table illustrates that when SMOD is 0. The 
same setting doubles the baud rate for UART1. 


Table 14-4. Commonly Used Baud Rates by Timer 1 


Oscillator Frequency (MHz) 


“Siops) |_36864 | zara | nose | 14.7456 | 


TH1 reload value 





Table 14-5. Commonly Used Baud Rates by Timer 3 


sous fete |saeee [4 [vam] 0 | vom] 2 [ures] | 
(seo [eee [dere] sd rere | soe 


| s7eoo_ | rrrEH | -| FercH | | oFrrad [=| orred |= 
| sedoo_ | FrFOH | | FrrAH [|| FPA =| Fea | FFrSH | 
| i200 | FrFAH | - | FrraH | FrroH | FreeH | - | FFEBH | FRESH | 
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Oscillator Frequency (MHz) 


pO scillator Frequency (MHz) 
Pops) | 5864 | 4 | za7ze | 8 | nose | 12 | varass | 16 | 


{R3H,R3L} Reload Value 





14.6 Framing Error Detection 


Framing error detection is provided for asynchronous modes. (Mode 1, 2, or 3.) The framing error 
occurs when a valid stop bit is not detected due to the bus noise or contention. The UART can detect 


a framing error and notify the software. 


The framing error bit, FE, is located in SCON.7. This bit normally serves as SMO. While the framing 
error accessing enable bit SMODO (PCON.6) is set 1, it serves as FE flag. Actually, SMO and FE 


locate in different registers. 


The FE bit will be set 1 via hardware while a framing error occurs. FE can be checked in UART 
interrupt service routine if necessary. Note that SMODO should be 1 while reading or writing to FE. If 
FE is set, any following frames received without frame error will not clear the FE flag. The clearing has 


to be done via software. 
14.7 Multiprocessor Communication 


The N76E616 multiprocessor communication feature lets a master device send a multiple frame serial 
message to a slave device in a multi-slave configuration. It does this without interrupting other slave 
devices that may be on the same serial line. This feature can be used only in UART Mode 2 or 3. User 
can enable this function by setting SM2 (SCON.5) as logic 1 so that when a byte of frame is received, 
the serial interrupt will be generated only if the 9th bit is 1. (For Mode 2, the 9th bit is the stop bit.) 
When the SM2 bit is 1, serial data frames that are received with the 9th bit as 0 do not generate an 


interrupt. In this case, the 9th bit simply separates the slave address from the serial data. 


When the master device wants to transmit a block of data to one of several slaves on a serial line, it 
first sends out an address byte to identify the target slave. Note that in this case, an address byte 
differs from a data byte. In an address byte, the 9th bit is 1 and in a data byte, it is 0. The address byte 
interrupts all slaves so that each slave can examine the received byte and see if it is addressed by its 
own slave address. The addressed slave then clears its SM2 bit and prepares to receive incoming 
data bytes. The SM2 bits of slaves that were not addressed remain set, and they continue operating 


normally while ignoring the incoming data bytes. 
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Follow the steps below to configure multiprocessor communications: 

1. Set all devices (masters and slaves) to UART Mode 2 or 3. 

2. Write the SM2 bit of all the slave devices to 1. 

3. The master device's transmission protocol is: 
— First byte: the address, identifying the target slave device, (9th bit = 1). 
— Next bytes: data, (9th bit = 0). 


4. When the target slave receives the first byte, all of the slaves are interrupted because the 9th data 
bit is 1. The targeted slave compares the address byte to its own address and then clears its SM2 bit 


to receiving incoming data. The other slaves continue operating normally. 
5. After all data bytes have been received, set SM2 back to 1 to wait for next address. 


SM2 has no effect in Mode 0, and in Mode 1 can be used to check the validity of the stop bit. For 
Mode 1 reception, if SM2 is 1, the receiving interrupt will not be issue unless a valid stop bit is 


received. 
14.8 Automatic Address Recognition 


The automatic address recognition is a feature, which enhances the multiprocessor communication 
feature by allowing the UART to recognize certain addresses in the serial bit stream by using 
hardware to make the comparisons. This feature saves a great deal of software overhead by 
eliminating the need for the software to examine every serial address, which passes by the serial port. 
Only when the serial port recognizes its own address, the receiver sets RI bit to request an interrupt. 
The automatic address recognition feature is enabled when the multiprocessor communication feature 
is enabled, SM2 is set. 


If desired, user may enable the automatic address recognition feature in Mode 1. In this configuration, 
the stop bit takes the place of the ninth data bit. RI is set only when the received command frame 


address matches the device’s address and is terminated by a valid stop bit. 


Using the automatic address recognition feature allows a master to selectively communicate with one 
or more slaves by invoking the “Given” slave address or addresses. All of the slaves may be contacted 
by using the “Broadcast” address. Two SFRs are used to define the slave address, SADDR, and the 
slave address mask, SADEN. SADEN is used to define which bits in the SADDR are to be used and 
which bits are “don’t care”. The SADEN mask can be logically ANDed with the SADDR to create the 
“Given” address, which the master will use for addressing each of the slaves. Use of the “Given” 


address allows multiple slaves to be recognized while excluding others. 
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SADDR -— Slave 0 Address 


[= i SS Sa eS ee a eS ee ee ee 


SADDRI7:0] 
RW 


Address: AQ9H Reset value: 0000 0000b 





Bit Name Description 


7:0 SADDR[7:0] | Slave 0 address 
This byte specifies the microcontroller’s own slave address for UATRO multi- 
processor communication. 





SADEN - Slave 0 Address Mask 


a a “es 


SADEN(7:0] 
RW 


Address: B9H Reset value: 0000 0000b 





Bit Name Description 


7:0 SADEN|[7:0] | Slave 0 address mask 
This byte is a mask byte of UARTO that contains “don’t-care” bits (defined by 
zeros) to form the device’s “Given” address. The don’t-care bits provide the 
flexibility to address one or more slaves at a time. 





SADDR_1 —- Slave 1 Address 


Se eae a ae ee ee a ee I ee ee 





SADDR_1[7:0 
1 


Address: BBH Reset value: 0000 0000b 


Bit Name Description 





7:0 SADDR_1[7:0] | Slave 1 address 
This byte specifies the microcontrollers own slave address for UART1 multi- 
processor communication. 


SADEN_1 — Slave 1 Address Mask 


a ea (a a fe ee ee ee a ee ee ee ee 





SADEN_1[7:0 
ee, eee 


Address: BAH Reset value: 0000 0000b 


Bit Name Description 





7:0 SADEN_1[7:0] | Slave 1 address mask 
This byte is a mask byte of UART1 that contains “don’t-care” bits (defined by 
zeros) to form the device’s “Given” address. The don’t-care bits provide the 
flexibility to address one or more slaves at a time. 


The following examples will help to show the versatility of this scheme. 


Example 1, slave 0: 
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SADDR = 11000000b 
SADEN = 11111101b 
Given = 110000X0b 


Example 2, slave 1: 








SADDR = 11000000b 
SADEN = 11111110b 
Given = 1100000Xb 


In the above example, SADDR is the same and the SADEN data is used to differentiate between the 
two slaves. Slave 0 requires 0 in bit 0 and it ignores bit 1. Slave 1 requires O in bit 1 and bit 0 is 
ignored. A unique address for Slave 0 would be 1100 0010 since slave 1 requires 0 in bit 1. A unique 
address for slave 1 would be 11000001b since 1 in bit 0 will exclude slave 0. Both slaves can be 
selected at the same time by an address, which has bit 0 = 0 (for slave 0) and bit 1 = 0 (for slave 1). 
Thus, both could be addressed with 11000000b as their “Broadcast” address. 


In a more complex system, the following could be used to select slaves 1 and 2 while excluding slave 
0: 


Example 1, slave 0: 








SADDR = 11000000b 
SADEN = 11111001b 
Given = 11000XX0b 


Example 2, slave 1: 





SADDR = 11100000b 
SADEN = 11111010b 
Given = 11100X0Xb 





Example 3, slave 2: 








SADDR = 11000000b 
SADEN = 11111100b 
Given = 110000XXb 


In the above example, the differentiation among the 3 slaves is in the lower 3 address bits. Slave 0 
requires that bit 0 = O and it can be uniquely addressed by 11100110b. Slave 1 requires that bit 1 = 0 
and it can be uniquely addressed by 11100101b. Slave 2 requires that bit 2 = 0 and its unique address 
is 11100011b. To select Slaves 0 and 1 and exclude Slave 2 use address 11100100b, since it is 


necessary to make bit 2 = 1 to exclude slave 2. 


The “Broadcast” address for each slave is created by taking the logical OR of SADDR and SADEN. 


Zeros in this result are treated as “don’t-cares”, e.g.: 








SADDR = 01010110b 
SADEN = 11111100b 
Broadcast = 1111111Xb 
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The use of don’t-care bits provides flexibility in defining the Broadcast address, however in most 





applications, interpreting the “don’t-cares” as all ones; the broadcast address will be FFH. 


On reset, SADDR and SADEN are initialized to OOH. This produces a “Given” address of all “don't 
care” as well as a “Broadcast” address of all XXXXXXXXb (all “don’t care” bits). This ensures that the 
serial port will reply to any address, and so that it is backwards compatible with the standard 80C51 


microcontrollers that do not support automatic address recognition. 
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15. INTER-INTEGRATED CIRCUIT (I°C) 


The Inter-Integrated Circuit (IC) bus serves as a Serial interface between the microcontrollers and the 


IC devices such as EEPROM, LCD module, temperature sensor, and so on. The I°C bus used two 
wires design (a serial data line SDA and a serial clock line SCL) to transfer information between 


devices. 


The rc bus uses bi-directional data transfer between masters and slaves. There is no central master 
and the multi-master system is allowed by arbitration between simultaneously transmitting masters. 


The serial clock synchronization allows devices with different bit rates to communicate via one serial 
bus. The rc bus supports four transfer modes including master transmitter, master receiver, slave 
receiver, and slave transmitter. The rc interface only supports 7-bit addressing mode. A special mode 
General Call is also available. The re can meet both standard (up to 100kbps) and fast (up to 400k 
bps) speeds. 


15.1 Functional Description 


For a bi-directional transfer operation, the SDA and SCL pins should be open-drain pads. These 


implements a wired-AND function, which is essential to the operation of the interface. A low level on 
an rc bus line is generated when one or more re devices output a logic 0. A high level is generated 
when all Cc devices output logic 1, allowing the pull-up resistors to pull the line high. In N76E616, user 


should set output latches of P2.3 and P2.4. as logic 1 before enabling the IC function by setting 
I2CEN (I2CON.6). 


SDA 
SCL 


SDA SCL SDA SCL SDA SCL 


N76E616 Other MCU Slave Device 





Figure 15-1. rc Bus Interconnection 


The fe is considered free when both lines are high. Meanwhile, any device, which can operate as a 
master can occupy the bus and generate one transfer after generating a START condition. The bus 
now is considered busy before the transfer ends by sending a STOP condition. The master generates 
all of the serial clock pulses and the START and STOP condition. However if there is no START 
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condition on the bus, all devices serve as not addressed slave. The hardware looks for its own slave 
address or a General Call address. (The General Call address detection may be enabled or disabled 


by GC (I2ZADDR.0).) If the matched address is received, an interrupt is requested. 


Every transaction on the Cc bus is 9 bits long, consisting of 8 data bits (MSB first) and a single 
acknowledge bit. The number of bytes per transfer (defined as the time between a valid START and 
STOP condition) is unrestricted but each byte has to be followed by an acknowledge bit. The master 
device generates 8 clock pulse to send the 8-bit data. After the 8th falling edge of the SCL line, the 
device outputting data on the SDA changes that pin to an input and reads in an acknowledge value on 
the 9th clock pulse. After 9th clock pulse, the data receiving device can hold SCL line stretched low if 
next receiving is not prepared ready. It forces the next byte transaction suspended. The data 
transaction continues when the receiver releases the SCL line. 


| aa | 
START STOP 
Condition Condition 


Figure 15-2. rc Bus Protocol 


15.1.1 START and STOP Condition 


The protocol of the IC bus defines two states to begin and end a transfer, START (S) and STOP (P) 
conditions. A START condition is defined as a high-to-low transition on the SDA line while SCL line is 
high. The STOP condition is defined as a low-to-high transition on the SDA line while SCL line is high. 
The master always generates a START or a STOP condition and IC bus is considered busy after a 
START condition and free after a STOP condition. After issuing the STOP condition successful, the 
original master device will release the control authority and turn back as a not addressed slave. 
Consequently, the original addressed slave will become a not addressed slave. The Ic bus is free 
and listens to next START condition of next transfer. 


A data transfer is always terminated by a STOP condition generated by the master. However, if a 
master still wishes to communicate on the bus, it can generate a repeated START (Sr) condition and 
address the pervious or another slave without first generating a STOP condition. Various combinations 


of read/write formats are then possible within such a transfer. 
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| 
Repeated 


START STOP START STAR 


Figure 15-3. START, Repeated START, and STOP Conditions 
15.1.2 7-Bit Address with Data Format 


Following the START condition is generated, one byte of special data should be transmitted by the 
master. It includes a 7-bit long slave address (SLA) following by an 8th bit, which is a data direction bit 
(R/W), to address the target slave device and determine the direction of data flow. If R/W bit is 0, it 
indicates that the master will write information to a selected slave. Also, if R/W bit is 1, it indicates that 
the master will read information from the addressed slave. An address packet consisting of a slave 
address and a read (R) or a write (W) bit is called SLA+R or SLA+W, respectively. A transmission 
basically consists of a START condition, a SLA+W/R, one or more data packets and a STOP 
condition. After the specified slave is addressed by SLA+W/R, the second and following 8-bit data 


bytes issue by the master or the slave devices according to the R/W bit configuration. 


There is an exception called “General Call” address, which can address all devices by giving the first 
byte of data all 0. A General Call is used when a master wishes to transmit the same message to 
several slaves in the system. When this address is used, other devices may respond with an 
acknowledge or ignore it according to individual software configuration. If a device response the 


General Call, it operates as like in the slave-receiver mode. Note that the address 0x00 is reserved for 


General Call and cannot be used as a slave address, therefore, in theory, a 7-bit addressing ge bus 


accepts 127 devices with their slave addresses 1 to 127. 








Figure 15-4. Data Format of One rc Transfer 


During the data transaction period, the data on the SDA line should be stable during the high period of 


the clock, and the data line can only change when SCL is low. 
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15.1.3 Acknowledge 


The 9th SCL pulse for any transferred byte is dedicated as an Acknowledge (ACK). It allows receiving 
devices (which can be the master or slave) to respond back to the transmitter (which also can be the 
master or slave) by pulling the SDA line low. The master generates the acknowledge-related clock 
pulse. The transmitter should release control of SDA line during the acknowledge clock pulse. The 
ACK is an active-low signal, pulling the SDA line low during the clock pulse high duty, indicates to the 
transmitter that the device has received the transmitted data. Commonly, a receiver, which has been 
addressed is requested to generate an ACK after each byte has been received. When a slave receiver 
does not acknowledge (NACK) the slave address, the slave should leave the SDA line high so that the 


mater can generate a STOP or a repeated START condition. 


If a slave-receiver does acknowledge the slave address, it switches itself to not addressed slave mode 
and cannot receive any more data bytes. This slave leaves the SDA line high. The master should 


generate a STOP or a repeated START condition. 


If a master-receiver is involved in a transfer, because the master controls the number of bytes in the 
transfer, it should signal the end of data to the slave-transmitter by not generating an acknowledge on 
the last byte. The slave-transmitter then switches to not addressed mode and releases the SDA line to 


allow the master to generate a STOP or a repeated START condition. 


SDA Output By Transmitters —- |) _—--—-—@ qe jf 
| | 
i. a SS. a . eae 


SDA Output By Receiver. —+—-+——_______--------- —_—— 


| | 

I | 

| | 

| I SDA = 0, Acknowledge (ACK) 

| ! SDA = 1, Not Acknowledge (NACk) 


tod 
ie Ee eee) a ae 


START Clock Pulse For 
Acknowledge Bit 


SCL From Master 


Condition 


Figure 15-5. Acknowledge Bit 
15.1.4 Arbitration 


A master may start a transfer only if the bus is free. It is possible for two or more masters to generate 
a START condition. In these situations, an arbitration scheme takes place on the SDA line, while SCL 
is high. During arbitration, the first of the competing master devices to place a '1' (high) on SDA while 
another master transmits a '0' (low) switches off its data output stage because the level on the bus 
does not match its own level. The arbitration lost master switches to the not addressed slave 
immediately to detect its own slave address in the same serial transfer whether it is being addressed 


by the winning master. It also releases SDA line to high level for not affecting the data transfer 


Feb 20, 2016 Page 80 of 179 Rev. 1.01 


NnNUVOTON N76E616 Datasheet 


continued by the winning master. However, the arbitration lost master continues generating clock 


pulses on SCL line until the end of the byte in which it loses the arbitration. 


All masters continuously monitoring the SDA line after outputting data carry out arbitration. If the value 
read from the SDA line does not match the value that the master has to output, it has lost the 
arbitration. Note that a master can only lose arbitration when it outputs a high SDA value while another 
master outputs a low value. Arbitration will continue until only one master remains, and this may take 
many bits. Its first stage is a comparison of address bits, and if both masters are trying to address the 


same device, arbitration continues on to the comparison of data bits or acknowledge bit. 


DATA 1 From Master 1 a eae eer eee eee 
Master 1 loses arbitration for DATA 1 # SDA. 


It immediately switches to not addressed slave 
and outputs high level. 






DATA 2 From Master 2 


SDA Line 





8 NINA N NS 
| 
| 








START 
condition 


Figure 15-6. Arbitration Procedure of Two Masters 


Since control of the rc bus is decided solely on the address or master code and data sent by 


competing masters, there is no central master, nor any order of priority on the bus. 


Slaves are not involved in the arbitration procedure. 
. 2 
15.2 Control Registers of | C 


There are five control registers to interface the re bus, including I2CON, I2STAT, I2DAT, I2ADDR, 


and I2CLK. These registers provide protocol control, status, data transmitting and receiving functions, 


and clock rate configuration. The following registers relate to °C function. 
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I2CON — IC Control (Bit-addressable) 


a <Q es 


pT CEN [| STAT | STO) TST AA 
po RR RR 











Address: COH Reset value: 0000 0000b 
Bit Name Description 
7 - Reserved 
6 I2CEN | \’¢ bus enable 


0 = I'C bus Disabled. 
1=I!Cbus Enabled. , 
Before enabling the | C, P2.3 and P0.6 port latches should be set to logic 1. 


5 STA START flag . 

When STA is set, the | C generates a START condition if the bus is free. If the bus 
is busy, the | C waits for a STOP condition and generates a START condition 
following. : 

If STA is set while the I C is already in the master mode and one or more bytes 
have been transmitted or received, the | C generates a repeated START 
condition. 

Note that STA can be set anytime even in a slave mode, but STA is not hardware 
automatically cleared after START or repeated START condition has been 
detected. User should take care of it by clearing STA manually. 


4 STO STOP flag : 

When STO is set if the | C is in the master mode, a STOP condition is transmitted 
to the bus. STO is automatically cleared by hardware once the STOP condition 
has been detected on the bus. ; 

The STO flag setting is also used to recover the | C device from the bus error, 
state (I2STAT as OOH). In this case, no STOP condition is transmitted to the | C 
bus. 

If the STA and STO bits are both set and the device is original in the master 


mode, the IC bus will generate a STOP condition and immediately follow a 
START condition. If the device is in slave mode, STA and STO simultaneous 


setting should be avoid from issuing illegal re frames. 











3 Sl IC interrupt flag 

SI flag is set by hardware when one of 26 possible Ic statuses (besides F8H 
status) is entered. After SI is set, the software should read I2STAT register to 
determine which step has been passed and take actions for next step. 

Sl is cleared by software. Before the SI is cleared, the low period of SCL line is 
stretched. The transaction is suspended. It is useful for the slave device to deal 
with previous data bytes until ready for receiving the next byte. 

The serial transaction is suspended until SI is cleared by software. After Sl is 
cleared, | C bus will continue to generate START or repeated START condition, 
STOP condition, 8-bit data, or so on depending on the software configuration of 
controlling byte or bits. Therefore, user should take care of it by preparing suitable 
setting of registers before SI is software cleared. 
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Bit Name Description 





2 AA Acknowledge assert flag 

If the AA flag is set, an ACK (low level on SDA) will be returned during the 
acknowledge clock pulse of the SCL line while the | C device is a receiver or an 
own-address-matching slave. 

If the AA flag is cleared, a NACK (high level on SDA) will be returned during the 
acknowledge clock pulse of the SCL line while the | C device is a receiver or an 
own-address-matching slave. A device with its own AA flag cleared will ignore its 
own Salve address and the General Call. Consequently, SI will note be asserted 
and no interrupt is requested. 

Note that if an addressed slave does not return an ACK under slave receiver 
mode or not receive an ACK under slave transmitter mode, the slave device will 
become a not addressed slave. It cannot receive any data until its AA flag is set 
and a master addresses it again. 

There is a special case of I2STAT value C8H occurs under slave transmitter 
mode. Before the slave device transmits the last data byte to the master, AA flag 
can be cleared as 0. Then after the last data byte transmitted, the slave device will 
actively switch to not addressed slave mode of disconnecting with the master. The 
further reading by the master will be all FFH. 





1:0 - Reserved 








l2STAT - IC Status 


Se ES ae ee eS ee eS SS eS 


Address: BDH Reset value: 1111 1000b 





fe BTA 
a 


Bit Name Description 


7:3 I2STAT[7:3] c status code 

The MSB five bits of I2STAT contains the status code. There are 27 possible 
status codes. When I2STAT is F8H, no relevant state information is available 
and Sl flag keeps 0. All other 26 status codes correspond to the | C states. 
When each of these statuses is entered, SI will be set as logic 1 and an 
interrupt is requested. 


2:0 0 Reserved 
The least significant three bits of IASTAT are always read as 0. 














I2DAT —1'C Data 


a (a ea a a a ee 





I2DAT[7:0 
Address: BCH Reset value: 0000 0000b 
Bit Name Description 





7:0 I2DAT[7:0] | 1°c data 

I2DAT contains a byte of the rc data to be transmitted or a byte, which has just 
received. Data in I2DAT remains as long as Sl is logic 1. The result of reading 
or writing I2DAT during | C transceiving progress is unpredicted. 

While data in I2DAT is shifted out, data on the bus is simultaneously being 
shifted in to update I2DAT. I2DAT always shows the last byte that presented on 
the | C bus. Thus, the event of lost arbitration, the original value of IZDAT 
changes after the transaction. 
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I2ZADDR — rc Own Slave Address 


SE SS Se SS See) SES eae ES Ss SS 


I2ADDR{7:1] 


Address: C1H Reset value: 0000 0000b 





Bit Name Description 





7 IZADDR|7:1] rc device’s own slave address 
In master mode: 
These bits have no effect. 


In slave mode: . 

These 7 bits define the slave address of this | C device by user. The master 
should address | C device by sending the same address in the first byte data 
after a START or a repeated START condition. If the AA flag is set, this | C 
device will acknowledge the master after receiving its own address and 
become an addressed slave. Otherwise, the addressing from the master will 
be ignored. 

Note that l2ADDR[7:1] should not remain its default value of all 0, because 
address 0x00 is reserved for General Call. 


6 GC General Call bit 
In master mode: 
This bit has no effect. 





In slave mode: 

0 = The General Call is always ignored. 

1 = The General Call is recognized if AA flag is 1; otherwise, it is ignored if AA 
is 0. 








l2CLK — 'C Clock 


a a ae a ae ee a a ee ee ee ee 
I2CLK[7:0] 
RW 


R/W 
Address: BEH Reset value: 0000 1110b 





Bit Name Description 





7:0 I2CLK[7:0] | 1c clock setting 
In master mode: 


This register determines the clock rate of rc bus when the device is in a master 
mode. The clock rate follows the equation, 


Fsys 
4x (I2CLK +1) 


The default value will make the clock rate of Ic bus 266k bps if the peripheral 
clock is 16 MHz. Note that the I2CLK value of OOH and 01H are not valid. This is 
an implement limitation. 


In slave mode: 


This byte has no effect. In slave mode, the rc device will automatically 
synchronize with any given clock rate up to 400k bps. 
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15.3 Operating Modes 


In |'C protocol definition, there are four operating modes including master transmitter, master receiver, 
slave receiver, and slave transmitter. There is also a special mode called General Call. Its operating is 


similar to master transmitter mode. 
15.3.1 Master Transmitter Mode 


In the master transmitter mode, several bytes of data are transmitted to a slave receiver. The master 
should prepare by setting desired clock rate in I2CLK. The master transmitter mode may now be 
entered by setting STA (I2CON.5) bit as 1. The hardware will test the bus and generate a START 
condition as soon as the bus becomes free. After a START condition is successfully produced, the SI 
flag (I2CON.3) will be set and the status code in I2STAT show 08H. The progress is continued by 
loading IZDAT with the target slave address and the data direction bit “write” (SLA+W). The SI bit 


should then be cleared to commence SLA+W transaction. 


After the SLA+W byte has been transmitted and an acknowledge (ACK) has been returned by the 
addressed slave device, the SI flag is set again and I2STAT is read as 18H. The appropriate action to 
be taken follows user defined communication protocol by sending data continuously. After all data is 
transmitted, the master can send a STOP condition by setting STO (I2CON.4) and then clearing SI to 
terminate the transmission. A repeated START condition can also be generated without sending 


STOP condition to immediately initial another transmission. 
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Figure 15-7. Flow and Status of Master Transmitter Mode 
15.3.2 Master Receiver Mode 


In the master receiver mode, several bytes of data are received from a slave transmitter. The 
transaction is initialized just as the master transmitter mode. Following the START condition, I2DAT 
should be loaded with the target slave address and the data direction bit “read” (SLA+R). After the 
SLA+R byte is transmitted and an acknowledge bit has been returned, the Sl flag is set again and 
I2STAT is read as 40H. SI flag then should be cleared to receive data from the slave transmitter. If AA 
flag (I2CON.2) is set, the master receiver will acknowledge the slave transmitter. If AA is cleared, the 
master receiver will not acknowledge the slave and release the slave transmitter as a not addressed 
slave. After that, the master can generate a STOP condition or a repeated START condition to 


terminate the transmission or initial another one. 
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—+ Normal (STA,STO,SI,AA) = (1,0,0,X) 
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ACK has been transmitted 
OR 


BOH 
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as slave transmitter 
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>| I 
to corresponding 
slave mode 
v v v v v 
(STA,STO,SI,AA)=(0,0,0,0) (STA,STO,SI,AA)=(0,0,0,1) (STA,STO,SI,AA)=(1,0,0,X) (STA,STO,SI,AA)=(0, 1,0,X) (STA,STO,SI,AA)=(1,1,0,X) 
Data byte will be received Data byte will be received A repeated START will be A STOP will be transmitted A STOP followed by a 
NACK will be transmitted ACK will be transmitted transmitted START will be transmitted 
v v v v v 
' 
58H ' 50H 10H | A STOP has been transmitted | A STOP has been transmitted 
Data byte has been received | | | Data byte has been received A repeated START has 
NACK has been transmitted ! ACK has been transmitted been transmitted 
I2DAT = Data Byte ! I2DAT = Data Byte 
' 
' 
Ue escapee eee eect ee ana ene eneceeaeatconsaseeee ate ' 
| 
ee , ae 





v 
(STA,STO,SI,AA) =(0,0,0,X)| | 
I2DAT = SLA+W ' Not addressed slave 
SLA+W will be transmitted { will be entered 


Co 


to master transmitter 














Figure 15-8. Flow and Status of Master Receiver Mode 
15.3.3 Slave Receiver Mode 


In the slave receiver mode, several bytes of data are received form a master transmitter. Before a 
transmission is commenced, I2ZADDR should be loaded with the address to which the device will 
respond when addressed by a master. I2CLK does not affect in slave mode. The AA bit should be set 
to enable acknowledging its own slave address. After the initialization above, the "Cc idles until it is 
addressed by its own address with the data direction bit “write” (SLA+W). The slave receiver mode 


may also be entered if arbitration is lost. 
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After the slave is addressed by SLA+W, it should clear its SI flag to receive the data from the master 
transmitter. If the AA bit is 0 during a transaction, the slave will return a non-acknowledge after the 
next received data byte. The slave will also become not addressed and isolate with the master. It 


cannot receive any byte of data with I2DAT remaining the previous byte of data, which is just received. 





(STA,STO,SI,AA) = (0,0,0,1) 
If own SLA+W is received, 
ACK will be transmitted 














60H 


Own SLA+W has been received 
ACK has been transmitted 
I2DAT = own SLA+W. 

OR 


68H 


Arbitration lost and own SLA+W 
has been received 
ACK has been transmitted 
I2DAT = own SLA+W. 








> 








v 
(STA,STO,SI,AA)=(X,0,0,X) 
A STOP or repeated START 

will be received 


v 
(STA,STO,SI,AA)=(X,0,0,0) 
Data byte will be received 
NACK will be transmitted 


v 
(STA,STO,SI,AA)=(X,0,0, 1) 
Data byte will be received 
ACK will be transmitted 






































nd » -€ 4 + Y 
80H 88H AOH 

Data byte has been received Data byte has been received A STOP or repeated START 
ACK has been transmitted NACK has been transmitted has been received J 


I2DAT = Data Byte I2DAT = Data Byte 
































(STA,STO,SI,AA)=(0,0,0,0) 
Not addressed slave 
will be entered; no recognition 
of own SLA or General Call 











(STA,STO,SI,AA)=(0,0,0, 1) 
Not addressed slave will be 
entered; own SLA will be 
recognized; General Call will 
be recognized if GC = 1 








(STA,STO,SI,AA)=(1,0,0,0) 
Not addressed slave will be 
entered; no recognition of own 
SLA or General Call; 

A START will be transmitted 
when the bus becomes free 














(STA,STO,SI,AA)=(1,0,0,1) 
Not addressed slave will be 
entered; own SLA will be 
recognized; General Call will 
be recognized if GC = 1; 
A START will be transmitted 








when the bus becomes free 





Figure 15-9. Flow and Status of Slave Receiver Mode 
15.3.4 Slave Transmitter Mode 


In the slave transmitter mode, several bytes of data are transmitted to a master receiver. After 


I2ADDR and I2CON values are given, the IC wait until it is addressed by its own address with the 


data direction bit “read” (SLA+R). The slave transmitter mode may also be entered if arbitration is lost. 


After the slave is addressed by SLA+R, it should clear its SI flag to transmit the data to the master 
receiver. Normally the master receiver will return an acknowledge after every byte of data is 
transmitted by the slave. If the acknowledge is not received, it will transmit all logic 1 data if it 
continues the transaction. It becomes a not addressed slave. If the AA flag is cleared during a 
transaction, the slave transmits the last byte of data. The next transmitting data will be all logic 1 and 


the slave becomes not addressed. 
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(STA,STO,SI,AA) = (0,0,0,1) 
If own SLA+R is received, 
ACK will be transmitted 




















( A8H 

Own SLA+R has been received 
ACK has been transmitted 
I2DAT = own SLA+R 
OR 

BOH 

| Arbitration lost and own SLA+R 
has been received 


ACK has been transmitted 
I2DAT = own SLA+R 
































































































































> 
v v 
(STA,STO,SI,AA)=(X,0,0,1) (STA,STO,SI,AA)=(X,0,0,X) (STA,STO,SI,AA)=(X,0,0,0) (STA,STO,SI,AA)=(X,0,0,X) 
I2DAT = Data Byte I2DAT = Data Byte I2DAT = Last Data Byte A STOP or repeated START 
Data byte will be transmitted Data byte will be transmitted Last data byte will be transmitted will be received 
ACK will be received NACK will be received ACK will be received 
* 
v v v v 
Data byte has been transmitted Data byte has been transmitted Last Data byte has been transmitted A STOP or repeated START 
ACK has been received NACK has been received ACK has been received \.__has been received 
v 
(STA,STO,SI,AA)=(0,0,0,0) (STA,STO,SI,AA)=(0,0,0,1) (STA,STO,SI,AA)=(1,0,0,0) (STA,STO,SI,AA)=(1,0,0,1) 
Not addressed slave Not addressed slave will be Not addressed slave will be Not addressed slave will be 
will be entered; no recognition entered; own SLA will be entered; no recognition of own entered; own SLA will be 
of own SLA or General Call recognized; General Call will SLA or General Call; recognized; General Call will 
be recognized if GC = 1 A START will be transmitted be recognized if GC = 1; 
when the bus becomes free A START will be transmitted 
when the bus becomes free 











* This flow is not recommended. If the MSB of next byte which the Slave is going to transmit is 0, it 
will hold SDA line. The STOP or repeated START cannot be successfully generated by Master. 


Figure 15-10. Flow and Status of Slave Transmitter Mode 
15.3.5 General Call 


The General Call is a special condition of slave receiver mode by been addressed with all logic 0 data 
in slave address with data direction bit. Both GC (I2ZADDR.0) bit and AA bit should be set as 1 to 
enable acknowledging General Calls. The slave addressed by a General Call has different status code 
in I2STAT with normal slave receiver mode. The General Call may also be produced if arbitration is 
lost. 
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(STA,STO,SI,AA) = (0,0,0,1) 
GC =1 
If General Call is received, 
ACK will be transmitted 








y 





70H 


General Call has been received 


ACK has been transmitted 
12DAT = 00H 
OR 


78H 


Arbitration lost and General Call 


has been received 
ACK has been transmitted 

















I2DAT = 00H 
> 
v v v 
(STA,STO,SI,AA)=(X,0,0,1) (STA,STO,SI,AA)=(X,0,0,0) (STA,STO,SI,AA)=(X,0,0,X) 
Data byte will be received Data byte will be received A STOP or repeated START 
ACK will be transmitted NACK will be transmitted will be received 




















I2DAT = Data Byte 








I2DAT = Data Byte 























v v v 
90H 98H AOH | 
Data byte has been received Data byte has been received A STOP or repeated START 
ACK has been transmitted NACK has been transmitted has been received ) 

















(STA,STO,SI,AA)=(0,0,0,0) 
Not addressed slave 
will be entered; no recognition 
of own SLA or General Call 











(STA,STO,SI,AA)=(0,0,0,1) 
Not addressed slave will be 
entered; own SLA will be 
recognized; General Call will 
be recognized if GC = 1 











(STA,STO,SI,AA)=(1,0,0,0) 
Not addressed slave will be 
entered; no recognition of own 
SLA or General Call; 

A START will be transmitted 
when the bus becomes free 


(STA,STO,SI,AA)=(1,0,0,1) 
Not addressed slave will be 
entered; own SLA will be 
recognized; General Call will 
be recognized if GC = 1; 
A START will be transmitted 











when the bus becomes free 











Figure 15-11. Flow and Status of General Call Mode 
15.3.6 Miscellaneous States 


There are two I2STAT status codes that do not correspond to the 25 defined states, which are 


mentioned in previous sections. These are F8H and OOH states. 


The first status code F8H indicates that no relevant information is available during each transaction. 


Meanwhile, the SI flag is 0 and no rc interrupt is required. 


The other status code 00H means a bus error has occurred during a transaction. A bus error is caused 
by a START or STOP condition appearing temporally at an illegal position such as the second through 
eighth bits of an address or a data byte, and the acknowledge bit. When a bus error occurs, the SI flag 
is set immediately. When a bus error is detected on the ’c bus, the operating device immediately 
switches to the not addressed salve mode, releases SDA and SCL lines, sets the SI flag, and loads 
I2STAT as OOH. To recover from a bus error, the STO bit should be set and then SI should be cleared. 


After that, STO is cleared by hardware and release the IC bus without issuing a real STOP condition 


2 
waveform on I! C bus. 
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There is a special case if a START or a repeated START condition is not successfully generated for 
ne; bus is obstructed by a low level on SDA line e.g. a slave device out of bit synchronization, the 
problem can be solved by transmitting additional clock pulses on the SCL line. The re hardware 
transmits additional clock pulses when the STA bit is set, but no START condition can be generated 
because the SDA line is pulled low. When the SDA line is eventually released, a normal START 
condition is transmitted, state 08H is entered, and the serial transaction continues. If a repeated 
START condition is transmitted while SDA is obstructed low, the rc hardware also performs the same 
action as above. In this case, state 08H is entered instead of 10H after a successful START condition 


is transmitted. Note that the software is not involved in solving these bus problems. 
; 2 : ; 
15.4 Typical Structure of | C Interrupt Service Routine 


The following software example in C language for KEIL™™ C51 compiler shows the typical structure of 
the Ic interrupt service routine including the 26 state service routines and may be used as a base for 
user applications. User can follow or modify it for their own application. If one or more of the five 
modes are not used, the associated state service routines may be removed, but care should be taken 


that a deleted routine can never be invoked. 


void I2C_ISR (void) interrupt 6 
{ 

switch (I2STAT) 

{ 



































// 
//Bus Error, always put in ISR for noise handling 
// 
case 0x00: /*O0H, bus error occurs*/ 
STO = 1; //recover from bus error 
break; 
/ /=sSSSSSS5== 
//Master Mode 
/ /ssSsSSSSS5= 
case 0x08: /*08H, a START transmitted*/ 
STA = 0; //STA bit should be cleared by 
software 
I2DAT = SLA ADDR1; //load SLA+W/R 
break; 
case 0x10: /*10H, a repeated START transmitted*/ 
STA = 0; 
I2DAT = SLA ADDR2; 
break; 
// 
//Master Transmitter Mode 
// 
case 0x18: /*18H, SLA+W transmitted, ACK 


received*/ 
I2DAT = NEXT_SEND_DATA1; //load DATA 
break; 
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case 0x20: /*20H, SLA+W transmitted, NACK 
received*/ 
sTo = 1; //transmit STOP 
BA. = 3 //ceady for ACK own SLA+W/R or 
General Call 
break; 
case 0x28: /*28H, DATA transmitted, ACK 
received*/ 
if (Conti_TX_Data) //if continuing to send DATA 
I2DAT = NEXT_SEND_DATA2; 
else //if no DATA to be sent 
{ 
STO = 1; 
AA = 1; 
} 
break; 
case 0x30: /*30H, DATA transmitted, NACK 
received*/ 
STO = 1; 
AA = 1; 
break; 
/ /sSSsSSSSS== 
//Master Mode 
/ /ssSSS55555= 
case 0x38: /*38H, arbitration lost*/ 
STA = 1; //retry to transmit START if bus free 
break; 
// 
//Master Receiver Mod 
// 
case 0x40: /*40H, SLA+R transmitted, ACK 
received*/ 
AA = 1; //ACK next received DATA 
break; 
case 0x48: /* 48H, SLA+R transmitted, NACK 
received*/ 
STO = 1; 
AA = 1; 
break; 
case 0x50: /*50H, DATA received, ACK 
transmitted*/ 
DATA RECEIVED1 = I2DAT; //store received DATA 
if (To_RX_Last_Datal) //if last DATA will be received 
AA = 0; //not ACK next received DATA 
else //if continuing receiving DATA 
AA = 1; 
break; 
case 0x58: /*58H, DATA received, NACK 
transmitted*/ 
DATA RECEIVED LAST1 = I2DAT; 
STO = 1; 
AA = 1; 
break; 
// 
//Slave Receiver and General Call Mode 
// 
case 0x60: /*60H, own SLA+W received, ACK 
returned*/ 
AA = 1; 
break; 
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case 0x68: /*68H, arbitration lost in SLA+W/R 
own SLA+W received, ACK returned */ 
AA = 0; //not ACK next received DATA after 
//arbitration lost 
STA = 1; //cretry to transmit START if bus free 
break; 
case 0x70: /* 70H, General Call received, ACK 
returned */ 
AA = 1; 
break; 
case 0x78: /*78H, arbitration lost in SLAtW/R 
General Call received, ACK 
returned* / 
AA = 0; 
STA = 1; 
break; 
case 0x80: /*80H, previous own  SLA+W, DATA 
received, 
ACK returned*/ 
DATA RECEIVED2 = I2DAT; 
if (To_RX_Last_Data2) 
AA = 0; 
else 
AA = 1; 
break; 
case 0x88: /*88H, previous own SLA+W, DATA 
received, 
NACK returned, not addressed SLAVE 
mode 
entered*/ 
DATA RECEIVED LAST2 = I2DAT; 
AA = 1; //wait for ACK next Master addressing 
break; 
case 0x90: /*90H, previous General Call, DATA 
received, 
ACK returned*/ 
DATA RECEIVED3 = I2DAT; 
if (To_RX_Last_Data3) 
AA = 0; 
else 
AA = 1; 
break; 
case 0x98: /*98H, previous General Call, DATA 
received, 
NACK returned, not addressed SLAVE 
mode 
entered* / 
DATA RECEIVED LAST3 = I2DAT; 
AA = 1; 
break; 
[ /ssSSSSSS== 
//Slave Mode 
/ /=ssSS5555= 
case OxA0: /*AOH, STOP or repeated START 
received while 
still addressed SLAVE mode*/ 
AA = 1; 
break; 
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Lt 
//Slave Transmitter Mode 
// 
case OxA8: /*A8H, own SLA+R received, ACK 
returned*/ 
I2DAT = NEXT_SEND_DATA3; 
AA = 1; //when AA is ‘1’, not last data to be 
//transmitted 
break; 
case QOxBO: /*BOH, arbitration lost in SLA+W/R 
own SLA+R received, ACK returned */ 
I2DAT = DUMMY DATA; 
AA = 0; //when AA is ‘0’, last data to be 
//transmitted 
STA = 1; //retry to transmit START if bus free 
break; 
case OxB8: /*B8H, previous own  SLA+tR, DATA 
transmitted, 
ACK received*/ 
I2DAT = NEXT_SEND_DATA4; 
if (To_TX_Last_Data) //if last DATA will be transmitted 
AA = 0; 
else 
AA = 1; 
break; 
case 0xC0: /*COH, previous own SLA+R, DATA 
transmitted, 
NACK received, not addressed SLAVE 
mode 
entered* / 
AA = 1; 
break; 
case OxC8: /*C8H, previous own SLA+R, last DATA 
trans= 
mitted, ACK received, not addressed 
SLAVE 
AA = 1; mode entered*/ 
break; 


}//end of switch (I2STAT) 


Srl = 0; //SI should be the last command of 
I2C ISR 
while (STO) ; //wait for STOP transmitted or bus 


error 
//free, STO is cleared by hardware 


}//end of I2C_ISR 


15.5 'C Time-Out 


There is a 14-bit time-out counter, which can be used to deal with the ge bus hang-up. If the time-out 


counter is enabled, the counter starts up counting until it overflows. Meanwhile I2TOF will be set by 
hardware and requests ge interrupt. When time-out counter is enabled, setting flag SI to high will 


reset counter and restart counting up after SI is cleared. If the IC bus hangs up, it causes the Sl flag 


not set for a period. The 14-bit time-out counter will overflow and require the interrupt service. 
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Figure 15-12. I'C Time-Out Counter 


1I2TOC — rc Time-out Counter 


=a ae ar ea 
I2TOCEN l2TOF 








Address: BFH Reset value: 0000 0000b 
Bit Name Description 
2 I2TOCEN | 1C time-out counter enable 


0 =I C time-out counter Disabled. 
1 =I C time-out counter Enabled. 





1 DIV I'C time-out counter clock divider 
0 = The clock of | C time-out counter is Fsys/1. 
1 = The clock of | C time-out counter is Fsys/4. 


0 l2TOF | IC time-out flag 


This flag is set by hardware if 14-bit Ic time-out counter overflows. It is cleared 
by software. 











15.6 rc Interrupt 


There are two I°C flags, SI and l2TOF. Both of them can generate an IC event interrupt requests. If 


Cc interrupt mask is enabled via setting El2C (EIE.0) and EA as 1, CPU will execute the ee interrupt 


service routine once any of these two flags is set. User needs to check flags to determine what event 


caused the interrupt. Both of re flags are cleared by software. 
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16. PIN INTERRUPT 


The N76E616 provides pin interrupt input for each I/O pin to detect pin state if button or keypad set is 


used. A maximum 8-channel pin interrupt detection can be assigned by I/O port sharing. The pin 


interrupt is generated when any key is pressed on a keyboard or keypad, which produces an edge or 


level triggering event. Pin interrupt may be used to wake the CPU up from Idle or Power-down mode. 


Each channel of pin interrupt can be enabled and polarity controlled independently by PIPEN and 


PINEN register. PICON selects which port that the pin interrupt is active. PITYP defines which type of 


pin interrupt is used, level detect or edge detect. Each channel also has its own interrupt flag. There 


are total eight pin interrupt flags located in PIF register. The respective flags for each pin interrupt 


channel allow the interrupt service routine to poll on which channel on which the interrupt event 


occurs. All flags in PIF register are set by hardware and should be cleared by software. 


PIPS[2:0] 


(PICON[2:0]) 










vUuVUUU 
O12 ONS 
Buu 
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PITO 1 __! 
PINENO | 


Pin Interrupt Channel 0 PIPENO 


















PIT1 4 ol 
PINEN1 , 


PIPEN1 


Pin Interrupt Channel 1 














PIT? 7 = 
PINEN7 


Pin Interrupt Channel 7 PIPEN7 











Figure 16-1. Pin Interface Block Diagram 
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Pin interrupt is generally used to detect an edge transient from peripheral devices like keyboard or 
keypad. During idle state, the system prefers to enter Power-down mode to minimize power 


consumption and waits for event trigger. Pin interrupt can wake up the device from Power-down mode. 


PICON - Pin Interrupt Control 








PIPS[2:0] 
Address: E9H Reset value: 0000 0000b 
Bit Name Description 
7:33 - Reserved 





2:0 PIPS[2:0] | Pin interrupt port select 

This field selects which port is active as the 8-channel of pin interrupt. 
000 = Port 0. 

001 = Port 1. 

010 = Port 2. 

011 = Port 3. 

100 = Port 4. 

101 = Port 5. 

Others = Reserved. 








PITYP — Pin Interrupt Type 
7 


a a a ae a ee ae ee ee ee ee ee eee 
PIT7 PIT6 PITS PIT4 PIT3 Pit2 PIT1 PITO 


Address: EDH Reset value: 0000 0000b 





Bit Name Description 





n PITn Pin interrupt channel n type select 
This bit selects which type that pin interrupt channel n is triggered. 
0 = Level triggered. 
1 = Edge triggered. 


PINEN -— Pin Interrupt Negative Polarity Enable. 


a Sa ea |e |e i 
PINEN7 | PINEN6 | PINENS | PINEN4 | PINEN3 | PINEN2 | PINENT | PINENO 


Address: EAH Reset value: 0000 0000b 





Bit Name Description 





n PINENn | Pin interrupt channel n negative polarity enable 

This bit enables low-level/falling edge triggering pin interrupt channel n. The level 
or edge triggered selection depends on each control bit PITn in PICON. 

0 = Low-level/falling edge detect Disabled. 

1 = Low-level/falling edge detect Enabled. 
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PIPEN — Pin Interrupt Positive Polarity Enable. 


SS ae a ee ee ee ie ee er ee ae a ee 
PIPEN7 | PIPEN6 | PIPENS | PIPEN4 | PIPEN3 | PIPEN2 | PIPEN1 | PIPENO 





Address: EBH Reset value: 0000 0000b 


Bit Name Description 





n PIPENn | Pin interrupt channel n positive polarity enable 

This bit enables high-level/rising edge triggering pin interrupt channel n. The level 
or edge triggered selection depends on each control bit PITn in PICON. 

0 = High-level/rising edge detect Disabled. 

1 = High-level/rising edge detect Enabled. 








PIF — Pin Interrupt Flags 
7 


(a ae ea (ee ae ee et ee ee 
PIF7 PIF6 PIF5 PIF4 PIF3 PIF2 PIF1 PIFO 


R (level) R (level) R (level) R (level) R (level) R (level) R (level) R (level) 
R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge) | R/W (edge) 
Address: ECH Reset value: 0000 0000b 





Bit Name Description 





n PIFn Pin interrupt channel n flag 

If the edge trigger is selected, this flag will be set by hardware if the channel n of 
pin interrupt detects an enabled edge trigger. This flag should be cleared by 
software. 

If the level trigger is selected, this flag follows the inverse of the input signal’s logic 
level on the channel n of pin interrupt. Software cannot control it. 
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17. 10-BIT ANALOG-TO-DIGITAL CONVERTER (ADC) 


The N76E616 is embedded with a 10-bit SAR ADC. The ADC (analog-to-digital converter) allows 
conversion of an analog input signal to a 10-bit binary representation of that signal. The N76E616 is 
selected as 9-channel inputs in single end mode. The internal band-gap voltage also can be the 
internal ADC input. The analog input, multiplexed into one sample and hold circuit, charges a sample 
and hold capacitor. The output of the sample and hold capacitor is the input into the converter. The 
converter then generates a digital result of this analog level via successive approximation and stores 


the result in the result registers. 
17.1 Functional Description 


17.1.1 ADC Operation 








ADC Interrupt 








10-bit SAR 



















































AIN4 
AINS ——~ o101 al 
AIN6 4H 0100 
AIN7 ——F) 9441 2, 5 
Internal Band-gap ya E] 4 
| 5 8 
a fo} 
ADCEN —>! 8 
ieee |e amerareeee Pall gee || 
ADC Result 
ADCHS[3:0] Comparator 
F ADC Clock 
— Divider | Fano 
ADCDIV(2:0] 
STADC 7 - ame | 
° ADCS 
(Fem) ADCEX 


Figure 17-1. 10-bit ADC Block Diagram 


Before ADC operation, the ADC circuit should be enabled by setting ADCEN (ADCCON1.0). This 
makes ADC circuit active. It consumes extra power. Once ADC is not used, clearing ADCEN to turn 


off ADC circuit saves power. 


The ADC analog input pin should be specially considered. ADCHS[3:0] are channel selection bits that 
control which channel is connected to the sample and hold circuit. User needs to configure selected 


ADC input pins as input-only (high impedance) mode via respective bits in POMn registers. This 
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configuration disconnects the digital output circuit of each selected ADC input pin. However, the digital 
input circuit still works. Digital input may cause the input buffer to induce leakage current. To disable 
the digital input buffer, the respective bits in PODIDS should be set. Configuration above makes 
selected ADC analog input pins pure analog inputs to allow external feeding of the analog voltage 
signals. Also, the ADC clock rate needs to be considered carefully. The ADC maximum clock 
frequency is listed in Table 31-9. Clock above the maximum clock frequency degrades ADC 
performance unpredictably. 


An A/D conversion is initiated by setting the ADCS bit (ADCCONO.6). When the conversion is 
complete, the hardware will clear ADCS automatically, set ADCF (ADCCONO.7) and generate an 


interrupt if enabled. The new conversion result will also be stored in ADCRH (most significant 8 bits) 


Vain 
1023~x cv 
and ADCRL (least significant 2 bits). The 10-bit ADC result value is DD , 


Besides setting ADCS via software, the N76E616 is enhanced by supporting hardware triggering 
method to start an A/D conversion. If ADCEX (ADCCON1.1) is set, the falling edges of STADC pin will 
automatically trigger an A/D conversion. (The hardware trigger also sets ADCS by hardware.) Note 
that during ADC is busy in converting (ADCS = 1), any conversion triggered by software or hardware 


will be ignored and there is no warning presented. 


The ADC acauisition time is programmable, which provides a range of 1 (1 + 0) to 256 (1 + 255) ADC 
clock cycles, by configuring ADCAQT register. It is useful to preserve the accuracy of ADC result 
especially when the input impedance of the analog input source is not ideally low. The programmable 


acquisition time overcomes the high impedance of an analog input source. 


By the way, digital circuitry inside and outside the device generates noise, which might affect the 
accuracy of ADC measurements. If conversion accuracy is critical, the noise level can be reduced by 


applying the following techniques: 


1. Keep analog signal paths as short as possible. Make sure to run analog signals tracks well away 


from high-speed digital tracks. 
2. Place the device in Idle mode during a conversion. 


3. If any AIN pins are used as digital outputs, it is essential that these do not switch while a conversion 


is in progress. 
17.1.2 ADC Conversion Result Comparator 


The N76E616 ADC has a digital comparator, which compares the A/D conversion result with a 10-bit 
constant value given in ACMPH and ACMPL registers. The ADC comparator is enabled by setting 
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ADCMPEN (ADCCON2.5) and each compare will be done on every A/D conversion complete 





moment. ADCMPO (ADCCON2.4) shows the compare result according to its output polarity setting bit 
ADCMPOP (ADCCON2.6). 


| 
ADCRI9:0] }-+ 

I 
ADCMP{[9:0] 









ADCMPO 

(ADCCON2.4) 

| 

ae cecal ADCMPOP 

ADCMPEN (ADCCON2.6) 
(ADCCON2.5) 


Figure 17-2. ADC Result Comparator 


17.2 Control Registers of ADC 


ADCCONO — ADC Control 0 (Bit-addressable) 
7 


SS et eae ae a ee ae eee ae ee ees ee ee 
ADCF ADcS |  - = {| = - | ADCHS3 | ADCHS2 | ADCHS1 ADCHSO 





| RW | Rw TR RRR _ 


Address: E8H Reset value: 0000 0000b 


Bit Name Description 


7 ADCF ADC flag 

This flag is set when an A/D conversion is completed. The ADC result can be 
read. While this flag is 1, ADC cannot start a new converting. This bit is 
cleared by software. 








6 ADCS A/D converting software start trigger 

Setting this bit 1 triggers an A/D conversion. This bit remains logic 1 during 
A/D converting time and is automatically cleared via hardware right after 
conversion complete. The meaning of writing and reading ADCS bit is 
different. 


Writing: 
0 = No effect. 
1 = Start an A/D converting. 


Reading: 
0 = ADC is in idle state. 
1 = ADC is busy in converting. 





5:4 - Reserved 


3:0 ADCHSJ3:0] | A/D converting channel select 
This filed selects the activating analog input source of ADC. If ADCEN is 0, all 
inputs are disconnected. 

0000 = AINO. 

0001 = AIN1. 

0010 = AIN2. 

0011 = AINS. 

0100 = AIN4. 

0101 = AIN5. 

0110 = AIN6. 

0111 = AIN7. 

1111 = Internal band-gap voltage. 
Others = Reserved. 
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ADCCON1 — ADC Control 1 


=e SS ee Bae ae = Sa ees) 
hr ADCDIV[2:0] po ADCEX ADCEN 
PoC C—“(;‘<‘~RtC“;‘i‘iESNSSNNCNw’C“( ST RR 
Address: E1H Reset value: 0010 0000b 
Bit Name Description 
7 - Reserved 











6:4 ADCDIV[2:0] | ADC clock divider 

000 = Fapc is Fsys/1. 

001 = Fapc is Fsys/2. 

010 = Fapc is Fsys/4. (By default.) 
011 = Fapc is Fsys/8. 

100 = Fapc is Fsys/1 6. 

101 = Fapc is Fsys/32. 

110 = Fapc is Fsys/64. 

111 = Fapc is Fsys/1 28. 


3:2 - Reserved 











1 ADCEX ADC external conversion trigger select 

This bit selects the methods of triggering an A/D conversion. 

0 = A/D conversion is started only via setting ADCS bit. 

1 = A/D conversion is started via setting ADCS bit or by the falling edge of 
STADC pin. Note that while ADCS is 1 (busy in converting), the ADC will 
ignore the following external trigger until ADCS is hardware cleared. 


0 ADCEN ADC enable 
0 = ADC circuit OFF. 
1 = ADC circuit ON. 











ADCCON2 — ADC Control 2 


Se aa Ae pa a aaa a a ee 
| = | ADCMPOP | ADCMPEN | ADCMPO | = | OT 





a | ee 








Address: E2H Reset value: 0000 0000b 
Bit Name Description 
7 - Reserved 
6 ADCMPOP. | ADC comparator output polarity 


0 = ADCMPO is 1 if ADCR[9:0] is greater than or equal to ADCMP{[9:0]. 
1 = ADCMPO is 1 if ADCR[9:0] is less than ADCMP[9:0]. 


5 ADCMPEN | ADC result comparator enable 
0 = ADC result comparator Disabled. 
1 = ADC result comparator Enabled. 


4 ADCMPO ADC comparator output value 
This bit is the output value of ADC result comparator based on the setting of 
ACMPOP. This bit updates after every A/D conversion complete. 











3:0 - Reserved 
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ADCAQT -—- ADC Acquisition Time 


SS Se ie aS ee ee ee 


ADCAQT[7:0] 


Address: F2H Reset value: 0000 0000b 





Bit Name Description 


7:0 ADCAQT{[7:0] | ADC acquisition time 
This 8-bit field decides the acquisition time for ADC sampling, following by 
equation below: 





1+ ADCAQT 


Fapc 
Note that this field should not be changed when ADC is in converting. 


ADC acquisition time = 








PODIDS -— PO Digital Input Disconnect 
7 


Sa a an ee | ee a ee 
Po7DIDS | PO6DIDS | POS5DIDS | Po4DIDS | Po3sDIDS | Po2DIDS | PO1DIDS | POODIDS 





Address: F6H Reset value: 0000 0000b 


Bit Name Description 


n POnDIDS PO.n digital input disable 
0 = PO.n digital input Enabled. 
1 = PO.n digital input Disabled. PO.n is read always 0. 





ADCRH — ADC Result High Byte 


a ae ae ae a ee ee ee ee ee eS ee ee eee 


a; eee 


Address: C3H Reset value: 0000 0000b 





Bit Name Description 


7:0 ADCRI9:2] | ADC result high byte 
The most significant 8 bits of the ADC result stored in this register. 





ADCRL - ADC Result Low Byte 


aa SN (Ea ea ee ee ee eee ae ee ae ee 
po ARYA] 
ed 





Address: C2H Reset value: 0000 0000b 


Bit Name Description 


1:0 ADCR[1:0] | ADC result low byte 
The least significant 2 bits of the ADC result stored in this register. 
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ADCMPH —- ADC Compare High Byte 


a a Sas Se ae ee ee ee es ee ee ee 


ADCMP[9:2] 


Address: E4H Reset value: 0000 0000b 





Bit Name Description 


7:0 ADCMP{9:2] | ADC compare high byte 
The most significant 8 bits of the ADC compare value stores in this register. 





ADCMPL — ADC Compare Low Byte 


Sa ee a eee ee ee ae ee ae ee 


= Si pare 
ey ae ee ee ee eee ee ADCMP{1:0] 
a es QO 71; 
Address: E3H Reset value: 0000 0000b 
Bit Name Description 








1:0 ADCMP{[1:0] | ADC compare low byte 
The least significant 2 bits of the ADC compare value stores in this register. 
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18. LCD DRIVER 


The Liquid Crystal Displays (LCD) panel is commonly used in a variety of applications to meet display 
needs. The N76E616 is equipped with an LCD driver which can directly drive an LCD panel with 4 
common pins (COMO to COMS3), 32 segment pins (SEGO to SEG31) or 6 common pins (COMO to 
COMBS), 30 segment pins (SEG2 to SEG31). The LCD driver supports 1/4 duty, 1/3 duty, or 1/6 duty. 
The driving voltage supports 1/3 bias or 1/2 bias with waveform type A. When LXT or LIRC is selected 


as the LCD clock source, the LCD display keeps working even during Power-down mode. 
18.1 Functional Description 


Setting LCDEN (LCDCON.7) as 1 turns on the LCD circuit. If LCDEN is set, SEG pins and COM pins 
drive signals and display the LCD panel according to the internal display registers. The duty and bias 
can be set by DUT Y[1:0] (LCDCONJ[3:2]) and BIAS (LCDCON.4) bits individually. Vicp that drives LCD 
panel is also adjusted between Vpp and 0.9Vpp by the VLCDADJ (LCDCON.6) bit. This is especially 
suitable for the application of 5.0V system power with 4.5V LCD panel power. Note that user should 
not change DUTY and BIAS settings while the LCD driver is enabled; otherwise, the output waveform 


is unpredictable and may lead to a DC-component for one LCD frame. 


The bias type of LCD driver is R type. Bias voltages are generated only from the internal resistor 
ladder. The total value of the resistor ladder is selectable among 600 kQ, 300 kQ, and 150 kQ by 
RSEL[1:0] (LCDCON[1:0]). The 150kQ resistor ladder provides the best display contract on the LCD 
panel, but it consumes large bias current. For a low power application, 300 kO or 600 kQ is a suitable 


choice. This feature makes user flexible between satisfactory display quality and power consumption. 


The LCD clock source is selected by LCDCKS[1:0] (LCDCLK[5:4]) and its frequency is configured by 
LCDDIV[2:0] (LCDCLK[2:0]). It is important to select the correct frame rate for the LCD display. 
Normally, the frame rate is recommended to be 30 Hz to 100 Hz. A too low frame rate may introduce 
flickering. When a frame rate is too high, it may lead to ghosting and unnecessary high power 
consumption. Giving a proper frame rate according to the LCD panel requirement achieves a good 


display quality. The LCD frequency follows equations below: 


F 
Ficp = = _ when LCDCKS[1:0] = [0,0] (The LCD clock is from the system clock); 
2 °° x Divider 
Fe 
Ficp = =¢ ~~ when LCDCKS/1:0] = [0,1] (The LCD clock is from LXT); 
2° x Divider 
FLIRC , 
Ficp = =7——_ — when LCDCKS[1:0] = [1,0] (The LCD clock is from LIRC). 
2° x Divider 
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Each COM pin is selected sequentially according to the duty in a frame period. For 1/4 duty, COMO to 
COMBS generate LCD driving signals. Whereas, for 1/3 duty, COMO to COM2 generate signals. COM3 
does not generate signals but functions as a general purpose I/O. When 1/6 duty is selected, SEGO 
and SEG1 function as COM4 and COMB. The original SEGO and SEG1 with their control bits are all 


unavailable. 


COMO 


COM1 


COM2 


COM3 


COMO 


COM1 


COM2 


Vip 
2/3 Vicp 
1/3 Vicp 


0 
Vip 


2/3 Vico 
1/3 Vico 


Vip 
2/3 Vicp 
1/3 Vicp 


0 
Vip 


2/3 Vico 
1/3 Vico 
0 


Vip 
2/3 Vicp 
1/3 Vicp 


Vip 
2/3 Vicp 
1/3 Vicp 


Vip 
213 Vieo 
1/3 Vicp 
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Figure 18-1. COM Driving Signals (1/4 Duty and 1/3 Bias) 


‘ 1 Frame >< , 
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Figure 18-2. COM Driving Signals (1/3 Duty and 1/3 Bias) 
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Figure 18-5. COM Driving Signals (1/3 Duty and 1/2 Bias) 
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Figure 18-6. COM Driving Signals (1/6 Duty and 1/2 Bias) 


Each SEG pin signal corresponds to its LCD display data register. LCD data stored in the display 
registers are transferred synchronously with the Fyicp and in turn automatically generate the necessary 
LCD driving signals to each SEG pin without program control. When the bit value of a display data 


register is 1, the corresponding LCD pixel is darkened; when the bit value is 0, the pixel is cleared. 


There are 32 internal registers for the LCD display data storage. LCDPTR determines which register 
can be accessed by program. Each byte controls one SEG pin cross with different COM pins. To 
display an LCD panel, proper data needs to be written into the LCDDAT after LCDPTR is given. The 
accompanying LCD register map figures show how the internal LCD registers are mapped to the SEG 
pins and COM pins of the display for the devices. Note that the unused bits and registers not used can 


alternatively be allocated to general-purpose use. 


Each SEG pin has its own enable bit SEGnEN located in LCDSEGO to LCDSEG3 registers. These 
bits control the SEG output signals. Please note several special conditions of SEGnEN bits, as 


described below: 


1. They are valid only when LCDEN (LCDCON.7) is 1. When LCDEN is 0, SEG pin functions as 


general purpose I/O and its multi-functions other than LCD. 
2. When 1/6 duty is selected, SEGOEN and SEG1EN are invalid. 


3. HXT/LXT and AIN7 pins are shared with SEG pins. If HXT/LXT or AIN7 needs to be used, user 
should clear their corresponding SEGnEN bits if LCD is enabled. Or SEG output signals makes 
HXT/LXT and AIN7 function works abnormally. 
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LCDDAT (bit) LCDDAT (bit) LCDDAT (bit) 
(7) (6) (5) (4) (3) (2) (1) (0) (7) (6) (5) (4) (3) (2) (1) (0) 7) (8) (5) (4) (3) (2) (1) (0) 





1/4 duty 1/3 duty 1/6 duty 
[| : Unused 


Figure 18-7. LCD Register Map 


The nature of LCD requires that only AC voltages can be applied to their pixels as the application of 
DC component to LCD pixels may degrade and cause permanent damage. To avoid this, the applied 
waveforms are arranged such that the differential voltage seen by each segment has an average 
value of zero, and such that the actual RMS voltage applied to each pixel, which is equal to the RMS 
value of the voltage on the COM pin minus the voltage applied to the SEG pin. This differential RMS 
voltage must be greater than the LCD threshold voltage for the pixel to be darkened and less than the 


threshold voltage for the pixel to be cleared. 


The accompanying timing diagrams depict the display driver signals generated by the microcontroller 


for various values of bias. Diagrams show the default 1/4 duty waveforms for illustration. 
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Figure 18-8. Example of COM and SEG Driving Signals (1/3 Bias) 


Feb 20, 2016 


Page 110 of 179 





Rev. 1.01 


NUVOTON 





LCDDAT (bit) 








ms) 

D> 
| | 

SEGO SEG1 


COM1 


COM2 


COM3 


SEGO 


SEG1 


COMO - SEGO 


COM1 - SEGO 


COM2 - SEGO 


COMS - SEGO 


COMO - SEG1 


COM1 - SEG1 


COM2 - SEG1 


COM3 - SEG1 


Vico 
1/2 Vico 
0 

Vico 
1/2 Vicp 
0 

Vico 

1/2 Vico 
0 

Vico 

1/2 Vico 
0 


Vico 

1/2 Vip 
0 

Vip 

1/2 Vicp 
0 


Vip 

1/2 Vicp 
0 

-1/2 Vico 
-Vicp 
Vico 

1/2 Vicp 
0 

-1/2 Vico 
-Vicp 
Vico 

1/2 Vicp 
0 

-1/2 Vico 
-Vicp 
Vico 

1/2 Vicp 
0 

-1/2 Vico 
-Vicp 
Vico 

1/2 Vip 
0 

-1/2 Vico 
-Vicp 
Vico 

1/2 Vip 
0 

-1/2 Vico 
-Vicp 
Vico 

1/2 Vico 
0 

-1/2 Vicp 
-Vicp 
Vico 

1/2 Vip 
0 

-1/2 Vico 
-Vicp 


N76E616 Datasheet 





 — 
JIL Lr LL -e 











Figure 18-9. Example of COM and SEG Driving Signals (1/2 Bias) 
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18.2 Control Registers of LCD 


LCDCON —LCD Control 


Se aa ae 
LCDEN | VLCDADJ 


Ss Sass See aes 








Le 
Pp RW] RW TCR CR 
Address: F9H Reset value: 0000 0000b 
Bit Name Description 
7 LCDEN LCD enable 


0 =LCD circuit OFF. Each COM and SEG pin functions as general purpose I/O 
and its multi-functions other than LCD. 

1 = LCD circuit ON. COM and enabled SEG pins generate the LCD driving 
waveform. 


6 VLCDADJ | Vicp adjust 
O= Vicb is Vobp. 
1= Vicb is 0.9Vpp. 


5 - Reserved 


4 BIAS LCD bias 
0 = 1/3 bias. 
1 = 1/2 bias. 


3:2 DUTY[1:0] | LCD duty 

00 = 1/4 duty. 

01 = 1/3 duty. 

10 = 1/6 duty. 

11 = Reserved. 

Note that when 1/3 duty is selected, only COMO to COM2 are used for LCD 
driving. COMS is not used and functions as a general purpose I/O. When 1/6 duty 
is selected, SEGO and SEG1 are not available. These pins function as COM4 and 
COMB. 


1:0 RSEL[1:0] | LCD resister select 

This field selects the total value of the bias resistor ladder. The smaller the resister 
value, the stronger the driving capability. 

00 = 150 kQ. 

01 = 300 kQ. 

10 = 600 kQ. 

11 = Reserved. 























LCDCLK — LCD Clock Control 


SS SS a Se Ss Se Es Se Se ee 
ee ee LCDCKS/1:0] po LC IVY] 
ee ee | 








R/W 
Address: FAH Reset value: 0000 0000b 
Bit Name Description 
7:6 | - | Reserved 
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Bit Name Description 
5:4 LCDCKS[1:0] | LCD clock source select 
00 = Fsys/2"”. 
01 = LXT/2*. 
10 = LIRC/2%. 


11 = Reserved. 

Note that when LXT or LIRC is selected as the LCD clock source, the LCD 
display keeps working even during Power-down mode. If LXT is used as the 
LCD clock source, user should turn on LXT first by software and segments 
reduce 2 channels.(SEG29 and SEG30 are shared with Xin and Xout 
pins of LXT) 


3 - Reserved 


2:0 LCDDIV[1:0] | LCD clock divider 
000 = 1/1. 

001 = 1/2. 

010 = 1/4. 

011 = 1/8. 

100 = 1/16. 

101 = 1/32. 

Others = Reserved. 














LCDPTR — LCD Data Pointer 








Pt TCT 
Address: FBH Reset value: 0000 0000b 
Bit Name Description 
7:5 - Reserved 





4:0 LCDPTR[4:0] | LCD data pointer 
This field determines which LCD display data register is accessed by LCDDAT. 
User should fill the target pointer value in LCDPTR before accessing LCDDAT. 








LCDDAT — LCD Data 


i A ee Se i a eS Sn ea SS a ee 
ee eee LCDDAT[5:0] 
a Fh aT 








ee) ee 
Address: FCH Reset value: 0000 0000b 
Bit Name Description 
7:6 - Reserved 





5:0 LCDDAT[5:0] | LCD data 

The value written into this register will be displayed to the corresponding LCD 
SEG and COM pins pointed by LCDPTR. 

0 = LCD pixel is cleared. 

1 =LCD pixel is darkened. 
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LCDSEGO — LCD Segment 0 


a a a ea ee ae ee ee ee ee ee 
SEG7EN | SEG6EN | SEGSEN | SEG4EN | SEG3EN | SEG2EN | SEGIEN | SEGOEN 





Address: E5H Reset value: 0000 0000b 


LCDSEG1 — LCD Segment 1 


ee a aa aa [eee eae (ae a (ee [ee ee ee ee 


Address: E6H Reset value: 0000 0000b 





LCDSEG2 — LCD Segment 2 


aaa (aa eed (ee ae ee et ee ee ee ee 


Address: E7H Reset value: 0000 0000b 





LCDSEG3 — LCD Segment 3 


Se See ee ee ae ee ee a ae ee eee 
SEG31EN | SEG30EN | SEG29EN | SEG28EN | SEG27EN | SEG26EN | SEG25EN | SEG24EN 





Address: EEH Reset value: 0000 0000b 


Bit Name Description 


7:0 SEGnEN | LCD SEGn pin enable 

0 = SEGn pin Disabled. 

1 = SEGn pin Enabled. 

Note that when this bit is 1 and LCDEN is 1, reading from the corresponding bit of 
I/O data register is always 0. Writing changes the I/O latch value. 











18.3 LCD Program Flow 


Before LCD driver is enabled, the I/O state shared with used COM and SEG pins should be carefully 
considered. All the used COM and SEG pins generate analog output waveforms. Therefore, all the 
corresponding I/O output mode should be set as input-only (high impedance) mode via respective bits 
in PxMn registers. This configuration disconnects the digital output circuit of each used COM and SEG 


pin so that I/O circuit will not interfere LCD output voltages and driving waveforms. 


After configuration of I/O mode, user needs to determine the Vicp, duty, and bias selections according 
to the target LCD panel. A suitable frame rate, normally 30 Hz to 100 Hz, is also important. User 
needs to carefully give the LCDCLK register a proper value. If LXT is used as the LCD clock source, 
user should turn on LXT first by software. Proper considerations above will achieve a good display 


quality. 


After the steps above, user can enable all the used SEG pins by setting the corresponding SEGnEN 
bits in registers LCDSEGO to LCDSEG3. The last step is to enable the LCD driver by setting LCDEN 
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(LCDCON.7) bit as 1. This step generates LCD driving waveforms via all the used CON and SEG 
pins. User can determine the LCDPTR and set LCDDAT to darken or clear each pixel on LCD panel 





afterward. 


The complete LCD driver demo code is illustrated as follows: 


PRE RKKRKREK KEKE EK KE KK KKK KKK KKK KKK KK KKK KKK KK EK KKK KKK KK KKK KKK KK KEKKKEK KKK KK KKK KKK EK 














; This code illustrates how to enable LCD driver. A 3V, 1/4 duty, 1/3 

; bias with 4*COM and 16*SEG panel is used. The system VDD is 3.3V. LCD 
; uses LXT 32.768 kHz as its clock source. COMO~COM3 and SEGO~SEG15 are 
; used to drive the panel to shows “12345678” eight digits by the same 
; typology of Figure 18-8. 

PRE RRKEREK ERK EEK KEKE KK EK KEKE RK KK KK KEK EK KEKE RK KK AK KK EKR KERR KEK KEKE KEKKEKEKKERKKKKKKK KKK 
NUM 1 EQU 01100000b 

NUM 2 EQU 00111110b 

NUM 3 EQU 01111010b 

NUM_4 EQU 01100011b 

NUM_5 EQU 01011011b 

NUM_6 EQU 01011111b 

NUM_7 EQU 01110001b 

NUM 8 EQU 01111111b 





























ORG 0000h 


PRE RRKRREK ERK RK KEKE KK EK REE KK EK KEK KK KEK EK KEKE EK KEKE KARR KERR KEK KKEKKEKEKKEKRKKEK KK KEKE RK 


; Configure I/O output mode 

PRE RKKKR EK KEK KK EK KEKE KKK KKK KE RK KK KKK KKK KKK KKK KKK KKK KK KK KK KEK KK KK KK EK KK KK KK KK KKK KEK 
ORL P1M1,#11111111b ;Configure COMO~COM3, SEGO~SEG15 as 
ANL P1M2,#00000000b ;input only mode 


ORL P2M1, #00011111b 
ANL P2M2, #11100000b 
ORL P4M1,#01111111b 
ANL P4M2, #10000000b 





PRE RRKRREK RR KEEK KE KEK KEK EE KK EK KKK K KEKE KE RRR KKK KK KEKE KE RK KEK EKA KKEKEKRKERKKKKKKK KKK 








; LCD setting 
PRE RK KER EK KEKE KE KK KKK KKK KK RK KE KK KKK KKK KEKE KKK KKK KKK KKK KKK KK KK KKK KKKKKK KK KK KK EK 
MOV LCDCON, #01000000b ;VLCD = 0.9VDD (VDD = 3.3V, VLCD = 
A S0V) 
71/4 duty, 1/3 bias, 150kQ resistor 
; ladder 


PRE RRKRKREK RRR EK KEKE KK EK KE KK RK KERR KEK EK KEKE RK KE KK KARR KER KKK KR KEKKEKEKRKEEKRK KEK KKKKKK KEK 











; LCD clock setting 

PRE RRR EK KEK KK EK KERR KKK KKK KERR KK KK KK RK KKK KEK KK KKK KKK KKK KEK KK KK KK EK KK KKKK KK KK KK EK 
MOV TA, #0AAh ;TA protection 
MOV TA, #55h 7 
ORL CKEN, #01000000b ;Enable the LXT 

Polling LXT_ stable: ;Waiting for the LXT stable 


MOV A, CKSWT 
JNB  ACC.6, Polling LXT stable 


MOV LCDCLK, #00010011b ;Select LXT as LCD clock source 
;Frame rate = (32768/16)/8/4 = 64 


PRE KKK EKER KK EK KEKE KK KEK KEK KER KKK KK KK KK KK KK KKK KKK KKK KKK KK KEK KK KK KK EK KKK KK KK KKK KEK 
































: Enable SEG pins and enable LCD 

PRE RRKKREK RK KEEK KEKE KK EK RE KEKE KKK KK KEK EK KE KERR KEKE KK EK KE RK KEK KEK AEKKEKEKKERKKKKKKKKK KK 
MOV .,CDSEGO, #0FFh ;Enable SEGO~SEG15 
MOV .CDSEG1, #0FFh 
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ORL LCDCON, #80h 





p RR RR RK EKER EK EK KK EK KK EK KEK EK KK EK KK EK KK EK KK EK KK EK KK EK KK EK KK EK KK EK KEKE KKK EK KEKE KKK EK 
































H Write LCD data to display “12345678” 
PRE RKKRKR EK KEK KK EK KERR KKK KKK KK KK KKK KKK KK KKK KKK KKK KKK KK KK KEK KKK KK KKK KKKKKK KK KK KK EK 

OV LCDPTR, #0 

OV LCDDAT, #(NUM_8 & OxOF) 
OV LCDPTR, #1 

OV LCDDAT, #(NUM_8 >> 4) 
OV LCDPTR, #2 

OV LCDDAT, #(NUM_7 & OxOF) 
OV LCDPTR, #3 

OV LCDDAT, #(NUM_7 >> 4) 
OV LCDPTR, #4 

OV LCDDAT, #(NUM_6 & OxOF) 
OV LCDPTR, #5 

OV LCDDAT, #(NUM_6 >> 4) 
OV LCDPTR, #6 

OV LCDDAT, #(NUM_5 & OxOF) 
OV LCDPTR, #7 

OV LCDDAT, #(NUM_5 >> 4) 
OV LCDPTR, #8 

OV LCDDAT, #(NUM_4 & Ox0OF) 
OV LCDPTR, #9 

Ov LCDDAT, #(NUM_4 >> 4) 
OV LCDPTR, #10 

OV LCDDAT, #(NUM_3 & OxOF) 
Ov LCDPTR, #11 

OV LCDDAT, #(NUM_3 >> 4) 
OV LCDPTR, #12 

OV LCDDAT, #(NUM_2 & Ox0OF) 
OV LCDPTR, #13 

OV LCDDAT, #(NUM_2 >> 4) 
OV LCDPTR, #14 

OV LCDDAT, #(NUM_1 & Ox0OF) 
OV LCDPTR, #15 

OV LCDDAT, #(NUM 1 >> 4) 
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19. TIMED ACCESS PROTECTION (TA) 


The N76E616 has several features such as WDT and BOD that are crucial to proper operation of the 
system. If leaving these control registers unprotected, errant code may write undetermined value into 
them and results in incorrect operation and loss of control. To prevent this risk, the N76E616 has a 
protection scheme, which limits the write access to critical SFRs. This protection scheme is 


implemented using a timed access (TA). The following registers are related to the TA process. 


TA — Timed Access 





Address: C7H Reset value: 0000 0000b 


Bit Name Description 


7:0 TA[7:0] | Timed access 

The timed access register controls the access to protected SFRs. To access 
protected bits, user should first write AAH to the TA and immediately followed by a 
write of 55H to TA. After these two steps, a writing permission window is opened 
for 4 clock cycles during this period that user may write to protected SFRs. 











In timed access method, the bits, which are protected, have a timed write enable window. A write is 
successful only if this window is active, otherwise the write will be discarded. When the software writes 
AAH to TA, a counter is started. This counter waits for 3 clock cycles looking for a write of 55H to TA. 
If the second write of 55H occurs within 3 clock cycles of the first write of AAH, then the timed access 
window is opened. It remains open for 4 clock cycles during which user may write to the protected bits. 
After 4 clock cycles, this window automatically closes. Once the window closes, the procedure should 
be repeated to write another protected bits. Not that the TA protected SFRs are required timed access 
for writing but reading is not protected. User may read TA protected SFR without giving AAH and 55H 


to TA register. The suggestion code for opening the timed access window is shown below. 











(CLR EA) ;if any interrupt is enabled, disable temporally 
MOV TA, #0AAH 

MOV TA, #55H 

(Instruction that writes a TA protected register) 

(SETB EA) ;resume interrupts enabled 











Any enabled interrupt should be disabled during this procedure to avoid delay between these three 

















writings. If there is no interrupt enabled, the CLR EA and SETB EA instructions can be left out. 
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Examples of timed assess are shown to illustrate correct or incorrect writing process. 


Example 1, 
MOV 
MOV 
ORL 


Example 2, 
MOV 
MOV 
NOP 
ANL 


Example 3, 
MOV 
MOV 
MOV 
ORL 


Example 4, 
MOV 
NOP 
MOV 
ANL 


Ww 


TA, #0AAH 
TA, #55H 
WDCON, #data 





Ne owe 
Ww 


TA, #0AAH 
TA, #55H 





Br W Ww 


Ne Ne Ne Ne 


BODCONO, #data 


TA, #0AAH ; 
TA, #55H 73 
WDCON, #datal H 
BODCONO, #data2 





TA, #0AAH 





TA, #55H 
BODCONO, #data 


CLOCK cycles 
LOCK cycles 
LOCK CYCLES 


qaqa 


CLOCK Cycles 
CLOCK Cycles 
CLOCK cycle 
CLOCK Cycles 


Q 


lock cycles 
lock cycles 
clock cycles 
74 clock cycles 


Q 











clock cycles 
clock cycle 
clock cycles 
clock cycles 


In the first example, the writing to the protected bits is done before the 3-clock-cycle window closes. In 


example 2, however, the writing to BODCONO does not complete during the window opening, there 


will be no change of the value of BODCONDO. In example 3, the WDCON is successful written but the 
BODCONDO write is out of the 3-clock-cycle window. Therefore, the BODCONO value will not change 


either. In Example 4, the second write 55H to TA completes after 3 clock cycles of the first write TA of 


AAH, and thus the timed access window is not opened at all, and the write to the protected byte 


affects nothing. 
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20. INTERRUPT SYSTEM 


20.1 Interrupt Overview 


The purpose of the interrupt is to make the software deal with unscheduled or asynchronous events. 
The N76E616 has a four-priority-level interrupt structure with 18 interrupt sources. Each of the 
interrupt sources has an individual priority setting bits, interrupt vector and enable bit. In addition, the 
interrupts can be globally enabled or disabled. When an interrupt occurs, the CPU is expected to 
service the interrupt. This service is specified as an Interrupt Service Routine (ISR). The ISR resides 
at a predetermined address as shown in Table 20-1. Interrupt Vectors. When the interrupt occurs if 
enabled, the CPU will vector to the respective location depending on interrupt source, execute the 
code at this location, stay in an interrupt service state until the ISR is done. Once an ISR has begun, it 
can be interrupted only by a higher priority interrupt. The ISR should be terminated by a return from 
interrupt instruction RETI. This instruction will force the CPU return to the instruction that would have 


been next when the interrupt occurred. 


Table 20-1. Interrupt Vectors 


= ee ee 
Address | Number Address =) 
a 

emainorp0 ——~| vos | 0 |WoTmemp ——=«d;smosan | v0 | 


Fesaustieroutnterupt | sak | a [TerSoeow ‘| ea | 16 
Brownstoner [ote [Sd SCS 





20.2 Enabling Interrupts 


Each of individual interrupt sources can be enabled or disabled through the use of an associated 
interrupt enable bit in the IE and EIE SFRs. There is also a global enable bit EA bit (IE.7), which can 
be cleared to disable all the interrupts at once. It is set to enable all individually enabled interrupts. 
Setting the EA bit to logic 0 disables all interrupt sources regardless of the individual interrupt-enable 
settings. Note that interrupts which occur when the EA bit is set to logic 0 will be held in a pending 
state, and will not be serviced until the EA bit is set back to logic 1. All interrupt flags that generate 


interrupts can also be set via software. Thereby software initiated interrupts can be generated. 
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Note that every interrupts, if enabled, is generated by a setting as logic 1 of its interrupt flag no matter 
by hardware or software. User should take care of each interrupt flag in its own interrupt service 
routine (ISR). Most of interrupt flags should be cleared by writing it as logic 0 via software to avoid 


recursive interrupt requests. 


IE — Interrupt Enable (Bit-addressable) 








i ae ee ee ae eee Ea aa Ss Sa Se aay 
EADC EBOD 
Address: A8H Reset value: 0000 0000b 
Bit Name Description 
7 EA Enable all interrupt 


This bit globally enables/disables all interrupts that are individually enabled. 

0 = All interrupt sources Disabled. 

1 = Each interrupt Enabled depending on its individual mask setting. Individual 
interrupts will occur if enabled. 


6 EADC Enable ADC interrupt 
0 = ADC interrupt Disabled. 
1 = Interrupt generated by ADCF (ADCCONO.7) Enabled. 


5 EBOD Enable brown-out interrupt 
0 = Brown-out detection interrupt Disabled. 
1 = Interrupt generated by BOF (BODCONO.3) Enabled. 


4 ES Enable serial port 0 interrupt 
O = Serial port 0 interrupt Disabled. 
1 = Interrupt generated by Tl (SCON.1) or RI (SCON.0) Enabled. 


3 ET1 Enable Timer 1 interrupt 
0 = Timer 1 interrupt Disabled. 
1 = Interrupt generated by TF1 (TCON.7) Enabled. 


2 EX1 Enable external interrupt 1 
0 = External interrupt 1 Disabled. 
1 = Interrupt generated by INT1 pin Enabled. 




















1 ETO Enable Timer 0 interrupt 
0 = Timer 0 interrupt Disabled. 
1 = Interrupt generated by TFO (TCON.5) Enabled. 


0 EXO Enable external interrupt 0 
0 = External interrupt 0 Disabled. 
1 = Interrupt generated by INTO pin Enabled. 











EIE — Extensive Interrupt Enable 


SS aaa ESS Ea Ss SS ES Se 
ET2C EWDT ET2B ET2A El2C 








ET2aD |; SC 
P RW] -TCOUTC CRRRRR_tR 
Address: 9BH Reset value: 0000 0000b 
Bit Name Description 
7 | - | Reserved 
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Bit Name Description 


7 ET2D Enable Timer 2D interrupt 
0 = Timer 2D interrupt Disabled. 
1 = Interrupt generated by TF2D (T2CONO.7) Enabled. 


6 - Reserved 


5 ET2C Enable Timer 2C interrupt 
O = Timer 2C interrupt Disabled. 
1 = Interrupt generated by TF2C (T2CONO.6) Enabled. 


4 EWDT Enable WDT interrupt 
0 = WDT interrupt Disabled. 
1 = Interrupt generated by WDTF (WDCON.5) Enabled. 


3 ET2B Enable Timer 2B interrupt 
O = Timer 2B interrupt Disabled. 
1 = Interrupt generated by TF2B (T2CONO.5) Enabled. 


2 ET2A Enable Timer 2A interrupt 
0 = Timer 2A interrupt Disabled. 
1 = Interrupt generated by TF2A (T2CONO.4) Enabled. 


1 EPI Enable pin interrupt 
0 = Pin interrupt Disabled. 
1 = Interrupt generated by any flags in PIF register Enabled. 


























0 El2c Enable I'C interrupt 


0= re interrupt Disabled. 
1 = Interrupt generated by SI (I2CON.3) or I2TOF (l2TOC.0) Enabled. 








EIE1 — Extensive Interrupt Enable 1 











Address: 9CH Reset value: 0000 0000b 
Bit Name Description 
7:33 - Reserved 
2 EWKT Enable WKT interrupt 


0 = WKT interrupt Disabled. 
1 = Interrupt generated by WKTF (WKCON.4) Enabled. 


1 ET3 Enable Timer 3 interrupt 
0 = Timer 3 interrupt Disabled. 
1 = Interrupt generated by TF3 (T3CON.4) Enabled. 


0 ES 1 Enable serial port 1 interrupt 
O = Serial port 1 interrupt Disabled. 
1 = Interrupt generated by TI_1 (SGCON_1.1) or RI_1 (SCON_1.0) Enabled. 














20.3 Interrupt Priorities 


There are four priority levels for all interrupts. They are level highest, high, low, and lowest; and they 
are represented by level 3, level 2, level 1, and level 0. The interrupt sources can be individually set to 
one of four priority levels by setting their own priority bits. Table 20-2 lists four priority setting. 


Naturally, a low level priority interrupt can itself be interrupted by a high level priority interrupt, but not 
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by any same level interrupt or lower level. In addition, there exists a pre-defined natural priority among 
the interrupts themselves. The natural priority comes into play when the interrupt controller has to 


resolve simultaneous requests having the same priority level. 
In case of multiple interrupts, the following rules apply: 


1. While a low priority interrupt handler is running, if a high priority interrupt arrives, the handler will be 
interrupted and the high priority handler will run. When the high priority handler does “RETI’, the low 
priority handler will resume. When this handler does “RETI”, control is passed back to the main 


program. 


2. If a high priority interrupt is running, it cannot be interrupted by any other source — even if it is a high 


priority interrupt, which is higher in natural priority. 


3. A low-priority interrupt handler will be invoked only if no other interrupt is already executing. Again, 
the low priority interrupt cannot preempt another low priority interrupt, even if the later one is higher in 


natural priority. 


4. If two interrupts occur at the same time, the interrupt with higher priority will execute first. If both 
interrupts are of the same priority, the interrupt, which is higher in natural priority, will be executed first. 


This is the only context in which the natural priority matters. 


This natural priority is defined as shown on Table 20-3. It also summarizes the interrupt sources, flag 
bits, vector addresses, enable bits, priority bits, natural priority and the permission to wake up the CPU 


from Power-down mode. For details of waking CPU up from Power-down mode, please see Section 


22.2 “Power-Down Mode” on page 141. 


Table 20-2. Interrupt Priority Level Setting 


Interrupt Priority Control Bits 
Interrupt Priority Level 
IPH / EIPH / EIPH1 IP / EIP / EIP2 


ee 


a 
SO 
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Table 20-3. Characteristics of Each Interrupt Source 


Vector .,| Natural Be .,. |Power-down 
Interrupt Source Interrupt Flag(s) Enable Bit Priority Control Bits Wake-up 
Reset 0000H Always Highest Yes 
Enabled 


External interruptO | 0003H EXO PX0, PXOH Yes 
Brown-out 0043H |BOF (BODCONO.3) |EBOD PBOD, PBODH Yes 
Watchdog Timer 0053H |WDTF(WDCON.5)  |EWDT PWDT, PWDTH Yes 
Timer 0 000BH ETO PTO, PTOH O 
Pe eiaueanene 0033h_ |SI+I2TOF (l2TOC.0) |EI2c PI2C, PI2CH No 
ADC 005Bh |ADCF EADC PADC, PADCH No 
External interrupt 1 0013H EX1 PX1, PX1H Yes 
Pin interrupt 003BH |PIFO to PIF7 (PIF) — |EPI PPI, PPIH Yes 
Serial port 0 0023H_ |RI+TI PS, PSH No 
Timer 2A 002Bh_ |TF2A2! ET2A PT2A, PT2AH No 
Timer 2B 0063H_ | TF2B2 ET2B PT2B, PT2BH No 
Timer 2C 006BH_ |TF2C#! ET2C PT2C, PT2CH No 
Timer 2D 0073H_ |TF2D" ET2D PT2D, PT2DH No 
Serial port 1 007BH |RI1+TI1 PS_1,PSH1 No 
Timer 3 0083H__|TF3”! (T3CON.4) ET3 PT3, PT3H O 
Self Wake-up Timer | 008BH |WKTF(WKCON.4) — |EWKT PWKT, PWKTH Yes 


[1] While the external interrupt pin is set as edge triggered (ITx = 1), its own flag IEx will be automatically cleared 
if the interrupt service routine (ISR) is executed. While as level triggered (ITx = 0), IEx follows the inverse of 
respective pin state. It is not controlled via software. 

[2] TFO, TF1, or TF3 is automatically cleared if the interrupt service routine (ISR) is executed. TF2x is 
automatically cleared if the interrupt service routine (ISR) is executed when Timer 2x is configured in its auto- 
reload mode. 

[3] If level triggered is selected for pin interrupt channel n, PIFn flag reflects the respective channel state. It is not 
controlled via software. 








IP — Interrupt Priority (Bit-addressable)"! 























Address: B8H Reset value: 0000 0000b 
Bit Name Description 
7 - Reserved 
6 PADC ADC interrupt priority low bit 
5 PBOD Brown-out detection interrupt priority low bit 
4 PS Serial port 0 interrupt priority low bit 
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Bit Name Description 





PT1 Timer 1 interrupt priority low bit 





PX1 External interrupt 1 priority low bit 





1 PTO Timer 0 interrupt priority low bit 











0 PX0 External interrupt 0 priority low bit 


[1] IP is used in combination with the IPH to determine the priority of each interrupt source. See Table 20-2. 
Interrupt Priority Level Setting for correct interrupt priority configuration. 


IPH — Interrupt Priority High”! 
i ae a ee ee ee ee ee ee ee eel 
| - | ~=PADCH PBODH PT1H PX1H PTOH PXOH 





po RRR RR 
































Address: B7H Reset value: 0000 0000b 
Bit Name Description 
7 - Reserved 
6 PADC ADC interrupt priority high bit 
5 PBOD Brown-out detection interrupt priority high bit 
4 PSH Serial port 0 interrupt priority high bit 
3 PT1H Timer 1 interrupt priority high bit 
2 PX1H External interrupt 1 priority high bit 
1 PTOH Timer 0 interrupt priority high bit 
0 PXOH External interrupt 0 priority high bit 


[2] IPH is used in combination with the IP respectively to determine the priority of each interrupt source. See 
Table 20-2. Interrupt Priority Level Setting for correct interrupt priority configuration. 





EIP - Extensive Interrupt Priority”! 





























a ae ae a ee ee ee LOE il 
jp PT2D | | PTA | PWDT of PI2e | PTA | PPI | Be | 
| RW RT RRR Rss” 
Address: EFH Reset value: 0000 0000b 
Bit Name Description 

vA PT2D Timer 2D interrupt priority low bit 

6 - Reserved 

5 PT2C Timer 2C interrupt priority low bit 

4 PWDT_ | WDT interrupt priority low bit 

3 PT2B Timer 2B interrupt priority low bit 

2 PT2A Timer 2A interrupt priority low bit 

1 PPI Pin interrupt priority low bit 

0 Pl2C rc interrupt priority low bit 








[3] EIP is used in combination with the EIPH to determine the priority of each interrupt source. See Table 20-2. 
Interrupt Priority Level Setting for correct interrupt priority configuration. 
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EIPH — Extensive Interrupt Priority High"! 


2a 23 Ba Se Bee Ee Oe Be Ss Be Ss Ee ee ae eae 
PT2DH | = - ~~ ‘| PT2CH PWDTH PT2BH PT2AH PPIH PI2CH 





P| RW TR RRR _i 


























Address: F7H Reset value: 0000 0000b 
Bit Name Description 
7 PT2DH | Timer 2D interrupt priority high bit 
6 - Reserved 
5 PT2CH | Timer 2C interrupt priority high bit 
4 PWDTH | WDT interrupt priority high bit 
3 PT2BH | Timer 2B interrupt priority high bit 
2 PT2AH | Timer 2A interrupt priority high bit 
1 PPIH Pin interrupt priority high bit 
0 PI2CH | Ic interrupt priority high bit 








[4] EIPH is used in combination with the EIP to determine the priority of each interrupt source. See Table 20-2. 
Interrupt Priority Level Setting for correct interrupt priority configuration. 


EIP1 — Extensive Interrupt Priority 1° 














Address: EE Page: 0 Reset value: a0 DOOD 
Bit Name Description 
2 PWKT_ | WKT interrupt priority low bit 
1 PT3 Timer 3 interrupt priority low bit 
0 PS 1 Serial port 1 interrupt priority low bit 








[5] EIP1 is used in combination with the EIPH1 to determine the priority of each interrupt source. See Table 20-2. 
Interrupt Priority Level Setting for correct interrupt priority configuration. 


EIPH1 — Extensive Interrupt Priority High 1"! 


ee ee ee ee ee ee ee ee ee ee 
————————— PWKTH PTSH a 1 


Po RR _ 














— FFH, Page: 0 Reset value: 0000 0000b 
Bit Name Description 
2 PWKTH | WKT interrupt priority high bit 
1 PT3H Timer 3 interrupt priority high bit 
0 PSH_1 Serial port 1 interrupt priority high bit 








[6] EIPH1 is used in combination with the EIP1 to determine the priority of each interrupt source. See Table 20-2. 
Interrupt Priority Level Setting for correct interrupt priority configuration. 
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20.4 Interrupt Service 


The interrupt flags are sampled every system clock cycle. In the same cycle, the sampled interrupts 
are polled and their priority is resolved. If certain conditions are met then the hardware will execute an 
internally generated LCALL instruction, which will vector the process to the appropriate interrupt vector 


address. The conditions for generating the LCALL are, 
1. An interrupt of equal or higher priority is not currently being serviced. 
2. The current polling cycle is the last cycle of the instruction currently being executed. 


3. The current instruction does not involve a write to any enabling or priority setting bits and is not a 
RETI. 


If any of these conditions are not met, then the LCALL will not be generated. The polling cycle is 
repeated every system clock cycle. If an interrupt flag is active in one cycle but not responded to for 
the above conditions are not met, if the flag is not still active when the blocking condition is removed, 
the denied interrupt will not be serviced. This means that the interrupt flag, which was once active but 


not serviced, is not remembered. Every polling cycle is new. 


The processor responds to a valid interrupt by executing an LCALL instruction to the appropriate 
service routine. This action may or may not clear the flag, which caused the interrupt according to 
different interrupt source. The hardware LCALL behaves exactly like the software LCALL instruction. 
This instruction saves the Program Counter contents onto the Stack RAM but does not save the 
Program Status Word (PSW). The PC is reloaded with the vector address of that interrupt, which 
caused the LCALL. Execution continues from the vectored address until an RETI instruction is 
executed. On execution of the RETI instruction, the processor pops the Stack and loads the PC with 
the contents at the top of the stack. User should take care that the status of the stack. The processor 
does not notice anything if the stack contents are modified and will proceed with execution from the 
address put back into PC. Note that a simple RET instruction would perform exactly the same process 
as a RETI instruction, but it would not inform the Interrupt controller that the interrupt service routine is 
completed. RET would leave the controller still thinking that the service routine is underway, making 


future interrupts impossible. 
20.5 Interrupt Latency 


The response time for each interrupt source depends on several factors, such as the nature of the 
interrupt and the instruction underway. Each interrupt flags are polled and priority decoded each 
system clock cycle. If a request is active and all three previous conditions are met, then the hardware 
generated LCALL is executed. This LCALL itself takes 4 clock cycles to be completed. Thus, there is a 
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minimum reaction time of 5 clock cycles between the interrupt flag being set and the interrupt service 


routine being executed. 


A longer response time should be anticipated if any of the three conditions are not met. If a higher or 
equal priority is being serviced, then the interrupt latency time obviously depends on the nature of the 
service routine currently being executed. If the polling cycle is not the last clock cycle of the instruction 
being executed, then an additional delay is introduced. The maximum response time (if no other 
interrupt is currently being serviced or the new interrupt is of greater priority) occurs if the device is 
performing a RETI, and then executes a longest 6-clock-cycle instruction as the next instruction. From 
the time an interrupt source is activated (not detected), the longest reaction time is 16 clock cycles. 
This period includes 5 clock cycles to complete RETI, 6 clock cycles to complete the longest 
instruction, 1 clock cycle to detect the interrupt, and 4 clock cycles to complete the hardware LCALL to 


the interrupt vector location. 


Thus in a single-interrupt system the interrupt response time will always be more than 5 clock cycles 


and not more than 16 clock cycles. 
20.6 External Interrupt Pins 


The external interrupt INTO and INT1 can be used as interrupt sources. They are selectable to be 
either edge or level triggered depending on bits ITO (TCON.O) and IT1 (TCON.2). The bits IEO 
(TCON.1) and IE1 (TCON.3) are the flags those are checked to generate the interrupt. In the edge 
triggered mode, the INTO or INT1 inputs are sampled every system clock cycle. If the sample is high in 
one cycle and low in the next, then a high to low transition is detected and the interrupts request flag 
IEO or IE1 will be set. Since the external interrupts are sampled every system clock, they have to be 
held high or low for at least one system clock cycle. The IEO and IE1 are automatically cleared when 
the interrupt service routine is called. If the level triggered mode is selected, then the requesting 
source has to hold the pin low till the interrupt is serviced. The IEO and IE1 will not be cleared by the 
hardware on entering the service routine. In the level triggered mode, IEO and IE1 follows the inverse 
value of INTO and INT1 pins. If interrupt pins continue to be held low even after the service routine is 
completed, the processor will acknowledge another interrupt request from the same source. Both INTO 


and INT1 can wake up the device from the Power-down mode. 
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TCON - Timer 0 and 1 Control (Bit-addressable) 
ae ES es a ee Ee Ss Se Ss Sea SE Se aa ea 





R (level) R (level) 
a (oie pn ecg) |_ PW 


Address: 88H Reset value: 0000 0000b 


Bit Name Description 





3 1E1 External interrupt 1 edge flag 

If IT1 = 1 (falling edge trigger), this flag will be set by hardware when a falling edge 
is detected. It remains set until cleared via software or cleared by hardware in the 
beginning of its interrupt service routine. 

If IT1 = 0 (low level trigger), this flag follows the inverse of the INT7 input signal's 
logic level. Software cannot control it. 





2 IT1 External interrupt 1 type select 

This bit selects by which type that INT is triggered. 
0 = INTT is low level triggered. 

1 =INTT7 is falling edge triggered. 





1 IEO External interrupt 0 edge flag 

If ITO = 1 (falling edge trigger), this flag will be set by hardware when a falling edge 
is detected. It remains set until cleared via software or cleared by hardware in the 
beginning of its interrupt service routine. 

If ITO = 0 (low level trigger), this flag follows the inverse of the INTO input signal's 
logic level. Software cannot control it. 





0 ITO External interrupt 0 type select 

This bit selects by which type that INTO is triggered. 
0 = INTO is low level triggered. 

1 = INTO is falling edge triggered. 
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21. INFAPPLICATION-PROGRAMMING (IAP) 


Unlike RAM’s real-time operation, to update flash data often takes long time. Furthermore, it is a quite 
complex timing procedure to erase, program, or read flash data. The N76E616 carried out the flash 
operation with convenient mechanism to help user re-programming the flash content by In-Application- 


Programming (IAP). IAP is an in-circuit electrical erasure and programming method through software. 


After IAP enabling by setting IAPEN (CHPCON.O with TA protected) and setting the enable bit in 
IAPUEN that allows the target block to be updated, user can easily fill the 16-bit target address in 
IAPAH and IAPAL, data in IAPFD, and command in IAPCN. Then the IAP is ready to begin by setting 
a triggering bit IAPGO (IAPTRG.O). Note that IAPTRG is also TA protected. At this moment, the CPU 
holds the Program Counter and the built-in IAP automation takes over to control the internal charge- 
pump for high voltage and the detail signal timing. The erase and program time is internally controlled 
disregard of the operating voltage and frequency. Nominally, a page-erase time is 28 ms and a byte- 
program time is 50 us. After IAP action completed, the Program Counter continues to run the following 
instructions. The IAPGO bit will be automatically cleared. An IAP failure flag, IAPFF (CHPCON.6), can 
be check whether the previous IAP operation was successful or not. Through this progress, user can 


easily erase, program, and verify the Flash Memory by just taking care of pure software. 
The following registers are related to IAP processing. 


CONFIG2 


a eee (Se ae ee ee ee ee ee ee 
| CBODEN | - CBOV(1:0] | BOIAP_ | CBORST | = | 
a (Sa (ee ee 


Factory default value: 1111 1111b 





Bit Name Description 


3 BOIAP Brown-out inhibiting IAP 

This bit decides whether IAP erasing or programming is inhibited by brown-out 
status. This bit is valid only when brown-out detection is enabled. 

1 = IAP erasing or programming is inhibited if Vop is lower than Vgop. 

0 = IAP erasing or programming is allowed under any workable Vpp. 











CHPCON - Chip Control (TA protected) 


a a ee ae eee Ss Se 
SWRST IAPPFo [| -SCOT CTC CTC C-USA 
Pp OWT RCC TCU RR 
Address: 9FH Reset value: see Table 6—2. SFR Definitions and Reset Values 
Bit Name Description 
6 IAPFF IAP fault flag 








The hardware will set this bit after IAPGO (ISPTRG.0) is set if any of the following 
condition is met: 
(1) The accessing address is oversize. 
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Bit Name Description 


(2) IAPCN command is invalid. 

(3) IAP erases or programs updating un-enabled block. 

(4) IAP erasing or programming operates under Vgop while BOIAP (CONFIG2.5) 
remains un-programmed 1 with BODEN (BODCONO.7) as 1 and BORST 
(BODCONO.2) as 0. 

This bit should be cleared via software. 


0 IAPEN IAP enable 

0 = IAP function Disabled. 

1 = IAP function Enabled. 

Once enabling IAP function, the HIRC will be turned on for timing control. To clear 
IAPEN should always be the last instruction after IAP operation to stop internal 
oscillator if reducing power consumption is concerned. 














IAPUEN — IAP Updating Enable (TA protected) 


ae ES ee ee ee ee 


a ae ee a a ee ae 
po FUEN | LDUEN | APUEN 
[es ee BW _] | 


Address: A5H Reset value: 0000 0000b 





Bit Name Description 


2 CFUEN | CONFIG bytes updated enable 
0 = Inhibit erasing or programming CONFIG bytes by IAP. 
1 = Allow erasing or programming CONFIG bytes by IAP. 


1 LDUEN | LDROM updated enable 
0 = Inhibit erasing or programming LDROM by IAP. 
1 = Allow erasing or programming LDROM by IAP. 


0 APUEN | APROM updated enable 
0 = Inhibit erasing or programming APROM by IAP. 
1 = Allow erasing or programming APROM by IAP. 

















IAPCN — IAP Control 


Se Ba ee ee ee Se ee ee es ar ee 
FOEN FCEN FCTRL[3:0] 











Address: AFH Reset value: 0011 0000b 
Bit Name Description 
7:6 IAPB[1:0] IAP control 
FOEN This byte is used for IAP commana. For details, see Table 21—1. IAP Modes 


and Command Codes. 





4 FCEN 
3:0 FCTRL[3:0] 
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IAPAH — IAP Address High Byte 


Se So a ee ee ae ee ee ee ee ee 


IAPA[15:8] 


Address: A7H Reset value: 0000 0000b 





Bit Name Description 


7:0 IAPA[15:8] | IAP address high byte 
IAPAH contains address IAPA[15:8] for IAP operations. 





IAPAL — IAP Address Low Byte 


Sa Ea ee ee ee ae ae ee ee ae ee 


IAPA(7:0] 


Address: A6H Reset value: 0000 0000b 





Bit Name Description 


7:0 IAPA[7:0] | IAP address low byte 
IAPAL contains address IAPA[7:0] for IAP operations. 





IAPFD — IAP Flash Data 


[Sea a SS a SS SS SS ee Se a a ae 


IAPFD[7:0] 


Address: AEH Reset value: 0000 0000b 





Bit Name Description 


7:0 IAPFD[7:0] | IAP flash data 

This byte contains flash data, which is read from or is going to be written to the 
Flash Memory. User should write data into IAPFD for program mode before 
triggering IAP processing and read data from IAPFD for read/verify mode after 
IAP processing is finished. 
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IAPTRG — IAP Trigger (TA protected) 





Reset value: 0000 0000b 


Description 








21.1 IAP Commands 


IAP go 

IAP begins by setting this bit as logic 1. After this instruction, the CPU holds the 
Program Counter (PC) and the IAP hardware automation takes over to control 
the progress. After IAP action completed, the Program Counter continues to run 
the following instruction. The IAPGO bit will be automatically cleared and always 
read as logic 0. 

Before triggering an IAP action, interrupts (if enabled) should be temporary 
disabled for hardware limitation. The program process should follow below. 

















CLR EA 

MOV TA, #0AAH 
MOV TA, #55H 

ORL IAPTRG, #01H 
(SETB EA) 














The N76E616 provides a wide range of applications to perform IAP to APROM, LDROM, or CONFIG 


bytes. The IAP action mode and the destination of the flash block are defined by IAP control register 


IAPCN. 


Table 21-1. IAP Modes and Command Codes 


IAP Mode 


Company ID read 


Device ID read 


96-bit Unique Code read 
APROM page-erase 
LDROM page-erase 
APROM byte-program 
LDROM byte-program 
APROM byte-read 
LDROM byte-read 

All CONFIG bytes erase 
CONFIG byte-program 





Feb 20, 2016 


IAPCN IAPA[15:0] 
IAPFD[7:0] 
IAPB[1 :0]| FOEN FCEN | FCTRL[3:0]|  {!APAH, IAPAL} 


eile) © ane ce 

High-byte DID: 0001H | High-byte DID: 2FH 
eC 
| 0 ft fo | cto | Adress) | FH 
PERE AR eee 
po | sf oo | coor | Adtressin | atain 


Pe fo | _ 000 
Po fo | _ 000 


CONFIGO: 0000H Data in 
CONFIG1: 0001H 
CONFIG2: 0002H 


CONFIG4: 0004H 


To 
To 
To 

a 


; 
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IAP Mode sale is Pata IAPFD[7:0] 
IAPB[1:0]| FOEN | FCEN | FCTRL[3:0]| _{IAPAH, IAPAL} 





CONFIG byte-read 11 0000 CONFIGO: 0000H Data out 
CONFIG1: 0001H 
CONFIG2: 0002H 
CONFIG4: 0004H 


[1] ‘x’ means “don’t care”. 
[2] Each page is 256-Byte size. Therefore, the address should be the address pointed to the target page. 


21.2 IAP User Guide 


IAP facilitates the updating flash contents in a convenient way; however, user should follow some 
restricted laws in order that the IAP operates correctly. Without noticing warnings will possible cause 
undetermined results even serious damages of devices. Furthermore, this paragraph will also support 


useful suggestions during IAP procedures. 


(1) If no more IAP operation is needed, user should clear IAPEN (CHPCON.0). It will make the system 
void to trigger IAP unaware. Furthermore, IAP requires the HIRC running. If the external clock source 
is selected, disabling IAP will stop the HIRC for saving power consumption. Note that a write to IAPEN 


is TA protected. 
(2) When the LOCK bit (CONFIGO.1) is activated, IAP reading, writing, or erasing can still be valid. 


During IAP progress, interrupts (if enabled) should be disabled temporally by clearing EA bit 


for implement limitation. 


Do not attempt to erase or program to a page that the code is currently executing. This will 
cause unpredictable program behavior and may corrupt program data. 


21.3 Using Flash Memory as Data Storage 


In general application, there is a need of data storage, which is non-volatile so that it remains its 
content even after the power is off. Therefore, in general application user can read back or update the 
data, which rules as parameters or constants for system control. The Flash Memory array of the 
N76E616 supports IAP function and any byte in the Flash Memory array may be read using the MOVC 
instruction and thus is suitable for use as non-volatile data storage. IAP provides erase and program 
function that makes it easy for one or more bytes within a page to be erased and programmed in a 
routine. IAP performs in the application under the control of the microcontroller’s firmware. Be aware 


of Flash Memory writing endurance of 20,000 cycles. A demo is illustrated as follows. 
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Assembly demo code: 





PRR RK RK RK EKER EK RK KEK RK EK RK KEK KK KEK RK KEK KK EK RK KEK KK KEK RK KEK KEKE KKK KEK RK KEK KEKE KEK KEK KK KK KK KK 


; This code illustrates how to use IAP to make APROM 201h as a byte of 

: Data Flash when user code is executed in APROM. 

PRE KKK EKER RK EK KE KK KKK KKK KE RK KE KKK KKK KKK KER KK KKK KKK KEKE KKK KERR KK RK KK KKK KK KKK KEK 
PAGE ERASE AP EQU 00100010b 

BYTE PROGRAM AP EQU 00100001b 




















ORG 0000h 

















OV TA, #0AAh ;CHPCON is TA protected 
OV TA, #55h 
ORL CHPCON, #00000001b ; IAPEN = 1, enable IAP mode 
OV TA, #0AAh ; IAPUEN is TA protected 
OV TA, #55h 
ORL TAPUEN, #00000001b ;APUEN = 1, enable APROM update 
OV IAPCN, #PAGE ERASE AP ;Erase page 200h to 27Fh 














ov TAPAH, #02h 
ov IAPAL, #00h 
ov LAPFD, #0FFh 





OV TA, #0AAh ;IAPTRG is TA protected 
OV TA, #55h 

ORL TAPTRG, #00000001b ;write ‘1’ to IAPGO to trigger IAP process 
OV IAPCN, #BYTE PROGRAM AP ;Program 201h with 55h 


OV IAPAH, #02h 

ov TAPAL, #01h 

ov IAPFD, #55h 

ov TA, #0AAh 

ov TA, #55h 

ORL IAPTRG, #00000001b 








OV TA, #0AAh 
OV TA, #55h 
ANL TAPUEN, #11111110b ; APUEN 








0, disable APROM update 


OV TA, #0AAh 
OV TA, #55h 
ANL CHPCON, #11111110b ; IAPEN 











0, disable IAP mode 





OV DPTR, #201h 








CLR A 
OVC A,@A+DPTR ;Read content of address 201h 
OV PO,A 

SUMP § 
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C language demo code: 





J [BRR KR A A A A A A A A A A A A A A A ke a 


// This code illustrates how to use IAP to make APROM 201h as a byte of 

// Data Flash when user code is executed in APROM. 

J [RK RR Rk ke kA A ke A A A A A ke A A A A A ke ke ke ee a Oe 
#define PAGE ERASE AP 0x22 

#define BYTE PROGRAM AP Ox21 




















/*Data Flash, as part of APROM, is read by MOVC. Data Flash can be defined as 
256-element array in “code” area from absolute address 0x0200 */ 


volatile unsigned char code Data_Flash[256] at 0x0200; 


Main (void) 


{ 

















TA = OxAA; //CHPCON is TA protected 

TA = 0x55; 

CHPCON |= 0x01; //TAPEN = 1, enable IAP mode 

TA = OxAA; //TAPUEN is TA protected 

TA = 0x55; 

IAPUEN |= 0x01; //APUEN = 1, enable APROM update 
TAPCN = PAGE ERASE AP; //Erase page 200h to 27Fh 

















IAPAH = 0x02; 
IAPAL = 0x00; 








IAPFD = OxFF; 

TA = OxAA; //TAPTRG is TA protected 

TA = 0x55; 

TAPTRG |= 0x01; //write ‘1’ to IAPGO to trigger IAP process 
IAPCN = BYTE PROGRAM AP; // Program 201h with 55h 

IAPAH = 0x02; 


IAPAL = 0x01; 
IAPFD = 0x55; 




















TA = OxAA; 

TA = 0x55; 

TAPTRG |= 0x01; //write ‘1’ to IAPGO to trigger IAP process 
TA = OxAA; //TAPUEN is TA protected 

TA = 0x55; 

IAPUEN &= ~0x01; //APUEN = 0, disable APROM update 
TA = OxAA; //CHPCON is TA protected 

TA = 0x55; 

CHPCON &= ~0x01; //TAPEN = 0, disable IAP mode 

PO = Data _Flash[1]; //Read content of address 200h+1 
while(1); 


21.4 In-System-Programming (ISP) 


The Flash Memory supports both hardware programming and In-Application-Programming (IAP). 
Hardware programming mode uses gang-writers to reduce programming costs and time to market 
while the products enter the mass production state. However, if the product is just under development 


or the end product needs firmware updating in the hand of an end user, the hardware programming 
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mode will make repeated programming difficult and inconvenient. In-System-Programming (ISP) 





makes it easy and possible. ISP performs Flash Memory updating without removing the 
microcontroller from the system. It allows a device to be re-programmed under software control. 
Furthermore, the capability to update the application firmware makes wide range of applications 


possible. 


User can develop a custom Boot Code that resides in LDROM. The maximum size of LDROM is 4K 
Bytes. User developed Boot Code can be re-programmed by parallel writer or In-Circuit-Programming 
(ICP) tool. 


General speaking, an ISP is carried out by a communication between PC and MCU. PC transfers the 
new User Code to MCU through serial port. Then Boot Code receives it and re-programs into User 
Code through IAP commands. Nuvoton provides ISP firmware and PC application for N76E616. It 
makes user quite easy perform ISP through UART port. Please visit Nuvoton 8-bit Microcontroller 


website: Nuvoton 80C51 Microcontroller Technical Support. A simple ISP demo code is given below. 


Assembly demo code: 


PRE RKKKR EKER KEK EK KE KK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KK KEK KEK KK KK KKK KKKKKEKKK KKK KEK 


: This code illustrates how to do APROM and CONFIG IAP from LDROM. 

7 APROM is re-programmed by the code to output Pl as 55h and P2 as AAh. 
; The CONFIG2 is also updated to disable BOD reset. 
; User needs to configure CONFIGO = Ox7F, CONFIGL = OxFE, CONFIG2 = OxFF. 


PRE RK KR EK KEKE KR KE KK KKK KKK KK RK KK KK KK KEK KKK KEK KKK KKK KK KK KK KK KK KK KKK KK KKK KKKK KK KEK 
























































PAGE _ERASE_AP EQU 00100010b 
BYTE_PROGRAM AP EQU 00100001b 
BYTE READ AP EQU 00000000b 
ALL_ERASE_ CONFIG EQU 11100010b 
BYTE_PROGRAM CONFIG EQU 11100001b 
BYTE READ CONFIG EQU 11000000b 


ORG 0000h 





















































CLR EA ;disable all interrupts 
CALL Enable IAP 

CALL Enable AP Update 

CALL Erase AP 7erase AP data 

CALL Program AP ;programming AP data 

CALL Disable AP Update 

CALL Program AP Verify ;verify Programmed AP data 
CALL Read CONFIG ;read back CONFIG2 

CALL Enable CONFIG Update 

CALL Erase CONFIG ;erase CONFIG bytes 

CALL Program CONFIG ;programming CONFIG2 with new data 
CALL Disable CONFIG Update 

CALL Program CONFIG Verify ;verify Programmed CONFIG2 
CALL Disable IAP 

MOV TA, #0AAh ;TA protection 

MOV TA, #55h ; 

ANL CHPCON, #11111101b ;BS = 0, reset to APROM 
MOV TA, #0AAh 
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MOV TA, #55h 
ORL CHPCON, #80h ;software reset and reboot from APROM 





SJMP S$ 


PRE RKKREK KEK KK RK KK KK KK KK KKK KKK KK RK KK KK KKK ERK KK KEK KKK KKK KEKE KK RK KEKE KK KK 


: IAP Subroutine 


PRR RKRREK RK EK RK EK RK KEK RK EK KK KEK RK KEK KK KEK KK KKK KKK RK KEK KEKE KEKE KR KEK KK KKK KKK EK 


Enable IAP: 





MOV TA, #0AAh ;CHPCON is TA protected 
MOV TA, #55h 
ORL CHPCON, #00000001b ;IAPEN = 1, enable IAP mode 





RET 





Disable IAP: 

OV TA, #0AAh 

OV TA, #55h 

ANL CHPCON, #11111110b ;IAPEN = 0, disable IAP mode 
RET 








Enable AP Update: 











OV TA, #0AAh ; IAPUEN is TA protected 
OV TA, #55h 
ORL IAPUEN, #00000001b ;APUEN = 1, enable APROM update 





RET 





Disable AP Update: 

OV TA, #OAAh 

OV TA, #55h 

ANL IAPUEN, #11111110b 7;APUEN = 
RET 











Oo 





, Gisable APROM update 








Enable CONFIG Update: 

OV TA, #0AAh 

OV TA, #55h 

ORL TAPUEN, #00000100b ;CFUEN = 1, enable CONFIG update 
RET 








Disable CONFIG Update: 

OV TA, #OAAh 

OV TA, #55h 

ANL IAPUEN, #11111011b ;CFUEN = 0, disable CONFIG update 

















Trigger IAP: 





OV TA, #0AAh ;IAPTRG is TA protected 

OV TA, #55h 
ORL TAPTRG, #00000001b ;write ‘1’ to IAPGO to trigger IAP process 
RET 





p RR RR RK RK EK EK EK EKER KEKE KKK EK KK EK KK EK KK EK KK EK KK EK EKER KEK EK KEK EK KEKE KKK EK KK 


A IAP APROM Function 
PRE RRR EK KEK KK RK KK KK KK KEK KK KKK KKK RK KKK KEK K KEK KK KEK KK KK KEK KE KKKKRKKKKKKK KK 
Erase AP: 





OV IAPCN, #PAGE_ERASE_AP 
OV IAPFD, #0FFh 

Ov RO, #00h 
Erase AP Loop: 
OV IAPAH, RO 
OV IAPAL, #00h 









































CALL Trigger IAP 
OV TAPAL, #80h 
CALL Trigger IAP 

INC RO 
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CJNE RO,#44h,Erase AP Loop 
RET 





Program AP: 

OV IAPCN, #BYTE PROGRAM AP 
OV TAPAH, #00h 

OV TAPAL, #00h 

OV DPTR, #AP_code 
Program _AP_ Loop: 

CLR A 

OVC A,@A+DPTR 

OV IAPFD,A 

CALL Trigger IAP 

INC DPTR 

INC IAPAL 

MOV A, IAPAL 

CJNE A,#14,Program AP Loop 
RET 





xr 











Program AP Verify: 
MOV IAPCN, #BYTE READ AP 
MOV IAPAH, #00h 
MOV IAPAL, #00h 
MOV DPTR, #AP_code 
Program _AP Verify Loop: 
CALL Trigger IAP 














CLR A 
MOVC A,@A+DPTR 
MOV B,A 


MOV A, IAPFD 

CJUNI A,B,Program_AP Verify Error 
INC DPTR 

INC IAPAL 

MOV A, IAPAL 

CJNE A,#14,Program AP Verify Loop 
RET 








Fl 





Program _AP Verify Error: 
CALL Disable IAP 
MOV PO, #00h 
SJMP §$ 





p RR RR RK EKER KEKE KKK EK KK EK KK EK KK EK KK EK KK EK KK EK KK EK KK EK KK EK KEKE KKK EK KK EK KK 


; IAP CONFIG Function 

PRE RK KR EK KEK KK RK KK KK KKK KKK KEK K KK RK KK KK KKK ERK KKK KKK KK KK KKEKKKKKK KK KK KK KK 
Erase CONFIG: 
OV IAPCN, #ALL ERASE CONFIG 
OV TAPAH, #00h 

OV TAPAL, #00h 

OV IAPFD, #0FFh 

CALL Trigger IAP 

RET 








Read_CONFIG: 

OV IAPCN, #BYTE READ CONFIG 
OV TAPAH, #00h 

OV TAPAL, #02h 

CALL Trigger IAP 

OV R7, IAPFD 

RET 








Program CONFIG: 
OV IAPCN, #BYTE PROGRAM CONFIG 
OV IAPAH, #00h 
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ov ITAPAL, #02h 





OV A,R7 

ANL A,#11111011b 
OV TAPFD,A ;disable BOD reset 
OV R6,A ;temp data 

CALL Trigger IAP 

RET 





Program CONFIG Verify: 

OV IAPCN, #BYTE READ CONFIG 
OV TAPAH, #00h 
OV TAPAL, #02h 
CALL Trigger IAP 
OV B,R6 

OV A, IAPFD 
CJNE A,B,Program CONFIG Verify Error 


























Program CONFIG Verify Error: 
CALL Disable IAP 
MOV PO, #00h 
SUMP § 








PRE RRR EKER KK REK KK KK KK KK KKK KKK KK RK KKK KEK KK RK KK KEK KKK KKK KKEKKKK RK KK KK KK KK 








; APROM code 

PRE RRKRREK EK KEREK KERR KE RK EK KEE KKK EK KER KEK KERR KKK KE RK KEK KKK KKEKEKKEKEKK KK 

AP_code: 
DB 75h,0Blh, OOh 7;OPCODES of “MOV POM1, #0” 
DB 75h,0B5h, OOh 7;OPCODEsS of “MOV P2M1, #0” 
DB 75h, 90h, 55h 7;OPCODES of “MOV P1, #55h” 
DB 75h, 0AOh, OAAh ;OPCODEsS of “MOV P2,#0AAh” 
DB 80h, OFEh ;OPCODEsS of “SJMP oid 
END 
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22. POWER MANAGEMENT 


The N76E616 has several features that help user to control the power consumption of the device. The 
power-reduced feature has two option modes: Idle mode and Power-down mode, to save the power 
consumption. For a stable current consumption, the state and mode of each pin should be taken care 
of. The minimum power consumption can be attained by giving the pin state just the same as the 
external pulls for example output 1 if pull-high is used or output 0 if pull-low. If the I/O pin is floating, 
user is recommended to leave it as quasi-bidirectional mode. If P3.6 is configured as an input-only pin, 
it should have an external pull-up or pull-low, or enable its internal pull-up by setting P86UP (P3M2.6). 


PCON — Power Control 
7 


Ee See ae (a pe ee es ee ee ee ee ee 
SMOD_| SMODO_| = | POF {| Gri {| CO GFO | PDI 





| Rw | Rw TTR ERR 


Address: 87H Reset value: see Table 6-2. SFR Definitions and Reset Values 


Bit Name Description 





1 PD Power-down mode 

Setting this bit puts CPU into Power-down mode. Under this mode, both CPU and 
peripheral clocks stop and Program Counter (PC) suspends. It provides the lowest 
power consumption. After CPU is woken up from Power-down, this bit will be 
automatically cleared via hardware and the program continue executing the 
interrupt service routine (ISR) of the very interrupt source that woke the system up 
before. After return from the ISR, the device continues execution at the instruction, 
which follows the instruction that put the system into Power-down mode. 

Note that If IDL bit and PD bit are set simultaneously, CPU will enter Power-down 
mode. Then it does not go to Idle mode after exiting Power-down. 


0 IDL Idle mode 

Setting this bit puts CPU into Idle mode. Under this mode, the CPU clock stops 
and Program Counter (PC) suspends but all peripherals keep activated. After 
CPU is woken up from Idle, this bit will be automatically cleared via hardware and 
the program continue executing the ISR of the very interrupt source that woke the 
system up before. After return from the ISR, the device continues execution at the 
instruction, which follows the instruction that put the system into Idle mode. 











P3M2 — Port 3 Mode Select 2 
7 


Sa = aS eS Ee ae eee Se ee 
CLOEN | P3eUP | P3M25 | P3m24 | P3M23 | P3m22 | P3M21 | P3M2.0 








Address: ADH, Page: 0 Reset value: 0000 0000b 
Bit Name Description 
6 P36UP P3.6 pull-up enable 


0 = P3.6 pull-up Disabled. 

1 = P3.6 pull-up Enabled. 

This bit is valid only when RPD (CONFIGO.2) is programmed as 0. When 
selecting as a RST pin, the pull-up is always enabled. 
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22.1 Idle Mode 


Idle mode suspends CPU processing by holding the Program Counter. No program code are fetched 
and run in Idle mode. It forces the CPU state to be frozen. The Program Counter (PC), Stack Pointer 
(SP), Program Status Word (PSW), Accumulator (ACC), and the other registers hold their contents 
during Idle mode. The port pins hold the logical states they had at the time Idle was activated. 


Generally, it saves considerable power of typical half of the full operating power. 


Since the clock provided for peripheral function logic circuit like timer or serial port still remain in Idle 
mode, the CPU can be released from the Idle mode with any of enabled interrupt sources. User can 
put the device into Idle mode by writing 1 to the bit IDL (PCON.0). The instruction that sets the IDL bit 


is the last instruction that will be executed before the device enters Idle mode. 


The Idle mode can be terminated in two ways. First, as mentioned, any enabled interrupt will cause an 
exit. It will automatically clear the IDL bit, terminate Idle mode, and the interrupt service routine (ISR) 
will be executed. After using the RETI instruction to jump out of the ISR, execution of the program will 
be the one following the instruction, which put the CPU into Idle mode. The second way to terminate 
Idle mode is with any reset other than software reset. Remember that if Watchdog reset is used to exit 
Idle mode, the WIDPD (WDCON.4) needs to be set 1 to let WDT keep running in Idle mode. 


22.2 Power-Down Mode 


Power-down mode is the lowest power state that the N76E616 can enter. It remain the power 
consumption as a “HA” level by stopping the system clock source. Both of CPU and peripheral 
functions like Timers or UART are frozen. Flash memory is put into its stop mode. All activity is 
completely stopped and the power consumption is reduced to the lowest possible value. The device 
can be put into Power-down mode by writing 1 to bit PD (PCON.1). The instruction that does this 
action will be the last instruction to be executed before the device enters Power-down mode. In the 
Power-down mode, RAM maintains its content. The port pins output the values held by their own state 


before Power-down respectively. 


There are several ways to exit the N76E616 from the Power-down mode. The first is with all resets 
except software reset. Brown-out reset will also wake up CPU from Power-down mode. Be sure that 
brown-out detection is enabled before the system enters Power-down. However, for least power 
consumption, it is recommended to enable low power BOD and disable ADC circuit before entering 
Power-down mode. Of course, the external pin reset and power-on reset will remove the Power-down 
status. After the external reset or power-on reset. The CPU is initialized and starts executing program 


code from the beginning. 
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The second way to wake the N76E616 up from the Power-down mode is by an enabled external 





interrupt. The trigger on the external pin will asynchronously restart the system clock. After oscillator is 
stable, the device executes the interrupt service routine (ISR) for the corresponding external interrupt. 
After the ISR is completed, the program execution returns to the instruction after the one, which puts 
the device into Power-down mode and continues. Interrupts that allows to wake up CPU from Power- 
down mode includes external interrupt INTO and INT‘, pin interrupt, WDT interrupt, WKT interrupt, and 


brown-out interrupt. 
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23. CLOCK SYSTEM 


The N76E616 has a wide variety of clock sources and selection features that allow it to be used ina 
wide range of applications while maximizing performance and minimizing power consumption. The 
N76E616 provides five options of the system clock sources including internal oscillator, 
crystal/resonator, or external clock from Xin pin via software. The N76E616 is embedded with two 
internal oscillators: one 10 kHz low-speed and one 11.059 MHz high-speed, which is factory trimmed 
to +2.5% under all conditions. If the clock source is from the crystal/resonator, the frequency supports 
two ranges: 2 MHz to 16 MHz high-speed and 32.768 kHz low-speed. A clock divider CKDIV is also 
available on N76E616 for adjustment of the flexibility between power consumption and operating 


performance. 


32.768 kHz 
Oscillating 
Circuit (LXT) 


2 to 16 MHz 
a Oscillating 
P| Circuit (HXT) fee 
Clock | Fosc 
EXTEN([1:0] Filter Divider 
"11.059MHz | ¢ (CKENIZ:6)) 


Internal 
Oscillator (HIRC) CKDIV Peripherals 
OSC[2:0] 


10 kHz (CKSWT[2:0]) Watchdog 
P Internal @—— =» CLO (P0.7) 
scillator (LIRC) CLOEN 


(P3M2.7) 








7 
WKTCK 


(WKCON.5) 
LCD Driver 


LCDCKS[1:0] 
[1] Default system clock source after power-on (LCDCLK[5:4]) 














Figure 23-1 Clock System Block Diagram 
23.1 Clock Sources 


There are a total of five system clock sources selectable in the N76E616, including high-speed internal 
oscillator, low-speed internal oscillator, high-speed external crystal/resonator, low-speed external 


crystal/resonator, and external clock input. Each of them can be the system clock source in the 
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N76E616. Different active system clock sources also affect multi-function of P3.2/XIN and P3.3/XOUT 


pins. 
23.1.1 Internal Oscillators 


There are two internal oscillators in the N76E616 — one 11.059 MHz high-speed internal oscillator 
(HIRC) and one 10 kHz low-speed (LIRC). Both of them can be selected as the system clock. HIRC 
can be enabled by setting HIRCEN (CKEN.5). LIRC is enabled after device is powered up. User can 
set OSC[2:0] (CKSWT [2:0]) as [0,0,0] to select the HIRC as the system clock. By setting OSC[2:0] as 
[1,0,0], LIRC will be selected as the system clock. Note that after the N76E616 is powered, HIRC and 
LIRC will be both enabled and HIRC is default selected as the system clock source. While using 
internal oscillators, Xin and XOUT automatically switch as two general purpose I/O P3.2 and P3.3 to 
expend the numbers of general purpose I/O. The I/O output mode of P3.2 and P3.3 can be selected 
by configuring P3M1 and P3M2 registers. 


23.1.2 External Crystal/Resonator or Clock Input 


There are three possible clock source options of external clock sources — 2 MHz to 16 MHz high- 
speed crystal/resonator (HXT), 32.768 KHz low-speed crystal/resonator (LXT), and the external clock 
input (ECLK) through Xin pin. They are exclusively enabled by giving proper EXTEN[1:0] (CKEN[7:6]) 
value. User can change OSC[2:0] value as [0,1,0] to select the enabled external clock source as the 
system clock. When HXT or LXT is used as the system clock, Xin and XOUT are the input and output, 
respectively, of an internal inverting amplifier. A crystal or resonator should be connected between XIN 
and XOUT pins. When enabling and selecting ECLK as the system clock source, the system clock is 
supplied via the Xin pin. The common application is to drive Xin with an active oscillator or clocks from 
another host device. When ECLK is selected, XOUT pin automatically switches as a general purpose 
I/O P3.3. The I/O output mode of P3.5 can be selected by configuring P3M1 and P3M2 registers. Be 
aware that user should never feed any clock signal larger than voltage 1.8V to XIN when LXT mode is 
selected; otherwise, it may break the device. Always use ECLK mode when the external clock input is 


required. 
23.2 System Clock Switching 


The N76E616 supports clock source switching on-the-fly by controlling CKSWT and CKEN registers 
via software. It provides a wide flexibility in application. Note that these SFRs are writing TA protected 
for precaution. With this clock source control, the clock source can be switched between the external 
clock source and the internal oscillator, even between the high-speed and low-speed internal 
oscillator. However, during clock source switching, the device requires some amount of warm-up 
period for an original disabled clock source. Therefore, use should follow steps below to ensure a 


complete clock source switching. User can enable the target clock source by writing proper value into 


Feb 20, 2016 Page 144 of 179 Rev. 1.01 


nuVvoTON N76E616 Datasheet 
ern 


CKEN register, wait for the clock source stable by polling its status bit in CKSWT register, and switch 





to the target clock source by changing OSC/[2:0]. After these steps, the clock source switching is 
successful and then user can also disable the original clock source if power consumption is 
concerned. Note that if not following the steps above, the hardware will take certain actions to deal 


with such illegal operations as follows. 


1. If user tries to disable the current clock source by changing CKEN value, the device will ignore this 


action. The system clock will remain the original one and CKEN will remain the original value. 


2. If user tries to switch the system clock source to a disabled one by changing OSC[2:0] value, 
OSC[2:0] value will be updated right away. But the system clock will remain the original one and 
CKSWTF (CLKEN.0) flag will be set by hardware. 


3. Once user switches the system clock source to an enabled but still instable one, the hardware will 
wait for stabilization of the target clock source and then switch to it in the background. During this 
waiting period, the device will continue executing the program with the original clock source and 
CKSWTF will be set as 1. After the stable flag of the target clock source (see CKSWT[7:5] and 
CKSWT.3) is set and the clock source switches successfully, CKSWTF will be cleared as 0 


automatically by hardware. 


Here is an illustration of switching the clock source from HIRC source to HXT. 





MOV TA, #0AAh ;TA protection 
MOV TA, #55h ; 
ORL CKEN, #10000000b ;Enable the HxXT 








7******Polling can be ignored if not disabling the original clock source****** 
Polling HXT_ stable: ;Waiting for the HXT stable 

MOV A, CKSWT 

JNB ACC.7, Polling HXT stable 


PRE RRKEREK KERR EEK KE KK KR RK RK KK EK KK RK KER K KKK ERK KK RK KE RK ERK RK KEK KRK KERR ER KKKEKKKKK KEK 





MOV TA, #0AAh ;TA protection 
MOV TA, #55h ; 
MOV CKSWT, #02h ;switch the clock source to the HXT 





;***x*k**Disable the original HIRC clock source, for example****** 





MOV TA, #0AAh ;TA protection 
MOV TA, #55h F 
ANL CKEN, #11011111b ;Disable the IHRC 





PRE RK RRR KEK KK RK KK KK KK KK EK KKK KKK KK KE KK EK KK RK KK KKK RRR EK KERR KK KK KEK 
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CKSWT -— Clock Switch (TA protected) 


SS Se ee BSS Se SSS a ee a Ss ae Se aes 
HXTST LXTST HIRCST | - | ~ECLKST Osc: 0] 





Address: 96H = value: 0011 0000b 


Bit Name Description 


7 HXTST | HXT status 
0 = H®XT is instable or disabled. 
1 = HXT is enabled and stable. 


6 LXTST LXT status 
0 = LXT is instable or disabled. 
1 = LXT is enabled and stable. 


5 HIRCST | HIRC status 
0 = HIRC is instable or disabled. 
1 = HIRC is enabled and stable. 


- Reserved 


ECLKST | ECLK status 
0 = ECLK is instable or disabled. 
1 = ECLK is enabled and stable. 


2:0 OSC[2:0] | Oscillator selection bits 

This field selects the system clock source. 

000 = HIRC. 

010 = External clock source according to EXTEN[1:0] (CKEN[7:6]) setting. 
100 =LIRC. 

Others = Reserved. 

Note that this field is write only. The read back value of this field may not 
correspond to the present system clock source. 


























CKEN - Clock Enable (TA protected) 


a es ee ae ee ee ee ee ee Se ee eee 
EXTEN(1:0 HIRCEN | = CK 
ae eee | ee 





PoC RS—“‘C‘i‘iLSC(PRWeT CUT Ce 
Address: 97H Reset value: 0011 0000b 
Bit Name Description 





7:6 EXTEN[1:0] | External clock source enable 

This field enables one of the external clock sources. It also selects the enabled 

external clock as the system clock source once OSC[2:0] is [0,1,0]. 

00 = None of the external clock sources is enabled. P3.2 and P3.3 work as 
general purpose 1/O. 

01 = LXT Enabled. 

10 = HXT Enabled. 

11 = ECLK Enabled. 


5 HIRCEN HIRC enable 

0 = HIRC Disabled. 

1 = HIRC Enabled. 

Note that once IAP is enabled by setting IAPEN (CHPCON.0), the HIRC will be 
enabled automatically. The hardware will also set HIRCEN and HIRCST bits. 
After IAPEN is cleared, HIRCEN and EHRCST resume the original values. 














411 - Reserved 
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Bit Name Description 


0 CKSWTF | Clock switch fault flag 

0 = The previous system clock source switch was successful. 

1 = User tried to switch to an instable or disabled clock source at the previous 
system clock source switch. If switching to an instable clock source, this bit 
remains 1 until the clock source is stable and switching is successful. 











23.3 System Clock Divider 


The oscillator frequency (Fogc) can be divided down, by an integer, up to 1/510 by configuring a 
dividing register, CKDIV, to provide the system clock (Fsys). This feature makes it possible to 
temporarily run the MCU at a lower rate, reducing power consumption. By dividing the clock, the MCU 
can retain the ability to respond to events other than those that can cause interrupts (i.e. events that 
allow exiting the Idle mode) by executing its normal program at a lower rate. This can often result in 
lower power consumption than in Idle mode. This can allow bypassing the oscillator start-up time in 
cases where Power-down mode would otherwise be used. The program may change the value of 


CKDIV at any time without interrupting code execution. 


CKDIV — Clock Divider 


CKDIV[7:0] 





R/W 
Address: 95H Reset value: 0000 0000b 


Bit Name Description 


7:0 CKDIV[7:0] | Clock divider 
The system clock frequency Fsys follows the equation below according to 
CKDIV value. 


Fsys = Fosc , while CKDIV = 00H, and 


eee sce 
2xCKDIV | while CKDIV = 01H to FFH. 











23.4 System Clock Output 


The N76E616 provides a CLO pin (P0.7) that outputs the system clock. Its frequency is the same as 
Fsys. The output enable bit is CLOEN (P3M2.7). CLO output stops when device is put in its Power- 
down mode because the system clock is turned off. Note that when noise problem or power 


consumption is important issue, user had better not enable CLO output. 
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P3M2 — Port 3 Mode Select 2 


SS Se a ee ae ed ee SS ae ae ee ee 
CLOEN | P36UP | P3M25 | P3M24 | P3M2.3 | P3M22 | P3M21 | P3M2.0 








Address: ADH, Page: 0 Reset value: 0000 0000b 
Bit Name Description 
System clock output enable 


0 = System clock output Disabled. 


7 CLOEN 
1 = System clock output Enabled from CLO pin (P0.7). 





Feb 20, 2016 Page 148 of 179 Rev. 1.01 


nuVvOoTON N76E616 Datasheet 


24. POWER MONITORING 


To prevent incorrect execution during power up and power drop, The N76E616 provide two power 


monitor functions, power-on detection and brown-out detection. 
24.1 Power-On Reset (POR) 


The power-on detection function is designed for detecting power up after power voltage reaches to a 
level where system can work. After power-on detected, the POF (PCON.4) will be set 1 to indicate a 


cold reset, a power-on reset complete. The POF flag can be cleared via software. 


PCON — Power Control 
7 


ae ae Se a ae ee ee ee ee ee ee ee 
SMOD_| SMODO | = | POF {| Gri | GFO | PDI 





| RW | Rw TTR RRR 


Address: 87H Reset value: see Table 6—2. SFR Definitions and Reset Values 


Bit Name Description 





4 POF Power-on reset flag 
This bit will be set as 1 after a power-on reset. It indicates a cold reset, a power 
cycle reset complete. This bit remains its value after any other resets. This flag is 
recommended to be cleared via software. 


24.2 Brown-Out Detection (BOD) 


The other power monitoring function brown-out detection (BOD) circuit is used for monitoring the Vpp 
level during execution. There are four selectable brown-out trigger levels available for wide voltage 
applications. These four nominal levels are 2.2V, 2.7V, 3.8V, and 4.3V selected via setting CBOV[1:0] 
(CONFIG2[5:4]). BOD level can also be changed by setting BOV[1:0] (BODCONO[5:4]) after power- 
on. When Vpp drops to the selected brown-out trigger level (Vgop), the BOD logic will either reset the 
MCU or request a brown-out interrupt. User may decide to being reset or generating a brown-out 
interrupt according to different applications. Vgop also can be set by software after power-on. Note that 


BOD output is not available until 2 to 3 LIRC clocks after software enabling. 


The BOD will request the interrupt while Vpp drops below Vgop while BORST (BODCONO.2) is 0. In 
this case, BOF (BODCONO.3) will be set as 1. After user cleared this flag whereas Vpp remains below 
Vgop, BOF will not set again. BOF just acknowledge user a power drop occurs. The BOF will also be 
set as 1 after Vpp goes higher than Vgop to indicate a power resuming. The BOD circuit provides an 
useful status indicator BOS (BODCONO.0), which is helpful to tell a brown-out event or power 
resuming event occurrence. If the BORST bit is set as 1, this will enable brown-out reset function. 
After a brown-out reset, BORF (BODCONO.1) will be set as 1 via hardware. It will not be altered by 
reset other than power-on. This bit can be cleared via software. Note that all bits in BODCONO are 


writing protected by timed access (TA). 
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The N76E616 provides low power BOD mode for saving current consumption and remaining BOD 
functionality with limited detection response. By setting LPBOD[1:0] (BODCON1[2:1]), the BOD circuit 


can be periodically enabled to sense the power voltage nominally every 1.6 ms, 6.4 ms, or 25.6 ms. It 





saves much power but also provides low-speed power voltage sensing. Note that the hysteresis 
feature will disappear in low power BOD mode. 


For a noise sensitive system, the N76E616 has a BOD filter, which filters the power noise to avoid 
BOD event triggering unconsciously. The BOD filter is enabled by default and can be disabled by 
setting BODFLT (BODCON1.0) as 0 if user requires a rapid BOD response. The minimum brown-out 
detect pulse width is listed in Table 24—2. 


Vop Brownout Detection 














qorf BOF Brown-out Interrupt 
ae BORF |—-> Brown-out Reset 
BOV[1:0] Voltage BODFLT BORST 
Select 
LPBOD[1:0] 
BODEN 
Figure 24-1. Brown-out Detection Block Diagram 
CONFIG2 


ee ae eee ee Se ae ae ae ae ee 
CBODEN | - | CBOV[1:0] BOIAP CBORST 





= 
a ee = 


Factory default value: 1111 1111b 


Bit Name Description 


7 CBODEN CONFIG brown-out detect enable 
1 = Brown-out detection circuit ON. 
0 = Brown-out detection circuit OFF. 








6 - Reserved 


5:4 CBOV[1:0] | CONFIG brown-out voltage select 
11 = Vgop is 2.2V. 
10 = Vgon is 2.7V. 
01 = Vgon is 3.8V. 
00 = Vgon is 4.3V. 


2 CBORST | CONFIG brown-out reset enable 

This bit decides whether a brown-out reset is caused by a power drop below 
Veop- 

1 = Brown-out reset Enabled. 

0 = Brown-out reset Disabled. 
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BODCONO - Brown-out Detection Control 0 (TA protected) 


a ae ae ae ae es ee ee es ee 
BODEN” | - BOV[1:0]" BORST" | BORF 
a: es 





| RW RR TR 


Address: A3H Reset value: see Table 6-2. SFR Definitions and Reset Values 


Bit Name Description 





7 BODEN | Brown-out detection enable 

0 = Brown-out detection circuit OFF. 

1 = Brown-out detection circuit ON. 

Note that BOD output is not available until 2 to 3 LIRC clocks after enabling. 





6 - Reserved 





5:4 BOV[1:0] | Brown-out voltage select 
00 = Vgon is 4.3V. 
01 = Vgon is 3.8V. 
10 = Vgon is 2.7V. 
11 = Vgop is 2.2V. 


3 BOF Brown-out interrupt flag 

This flag will be set as logic 1 via hardware after a Vpp dropping below or rising 
above Vgop event occurs. If both EBOD (EIE.2) and EA (IE.7) are set, a brown-out 
interrupt requirement will be generated. This bit should be cleared via software. 








2 BORST | Brown-out reset enable 

This bit decides whether a brown-out reset is caused by a power drop below Vgop. 
0 = Brown-out reset when Vpp drops below Vgop Disabled. 

1 = Brown-out reset when Vpp drops below Vgop Enabled. 





1 BORF Brown-out reset flag 
When the MCU is reset by brown-out event, this bit will be set via hardware. This 
flag is recommended to be cleared via software. 





0 BOS Brown-out status 

This bit indicates the Vpp voltage level comparing with Vgop while BOD circuit is 

enabled. It keeps 0 if BOD is not enabled. 

0 = Vpp voltage level is higher than Vgop or BOD is disabled. 

1 = Vpp voltage level is lower than Vgop. 

Note that this bit is read-only. 

[1] BODEN, BOV[1:0], and BORST are initialized by being directly loaded from CONFIGO bit 7, bit 5 to 4, and bit 
2 after all resets. 

[2] BOF reset value depends on different setting of CONFIG2 and Vpp voltage level. Please check Table 24-1. 
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Table 24-1. BOF Reset Value 


CBODEN CBORST 
(CONFIG2.7) | (CONFIG2.2) Vpp Level 
1 1 


a ee a 





SS ES Ss ae ee) 
LPBOD[1:0] BODFLT 
PCR 








R/W 
Address: ABH Reset value: see Table 6—2. SFR Definitions and Reset Values 
Bit Name Description 
7:33 - Reserved 
2:1 LPBOD[1:0] | Low power BOD enable 


00 = BOD normal mode. BOD circuit is always enabled. 
01 = BOD low power mode 1 by turning on BOD circuit every 1.6 ms 





periodically. 
10 = BOD low power mode 2 by turning on BOD circuit every 6.4 ms 
periodically. 
11 = BOD low power mode 3 by turning on BOD circuit every 25.6 ms 
periodically. 
0 BODFLT BOD filter control 


BOD has a filter which counts 32 clocks of Fsys to filter the power noise when 
MCU runs with HIRC, HXT, or ECLK as the system clock and BOD does not 
operates in its low power mode (LPBOD[1:0] = [0, 0]). In other conditions, the 
filter counts 2 clocks of LIRC. 

Note that when CPU is halted in Power-down mode. The BOD output is 
permanently filtered by 2 clocks of LIRC. 

The BOD filter avoids the power noise to trigger BOD event. This bit controls 
BOD filter enabled or disabled. 

0 = BOD filter Disabled. 

1 = BOD filter Enabled. (Power-on reset default value.) 
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Table 24—2. Minimum Brown-out Detect Pulse Width 


BODFLT 
(BODCON1.1) 


System Clock Minimum Brown-out Detect 
Source Pulse Width 


Normal mode 
(LPBOD[1:0] = [0,0]) Any clock source Typ. 1us 
Low power mode 1 
(LPBOD[1:0] = [0,1]) Any clock source 16 (1/Furc) 
ee a gas Any clock source 64 (1/Furc) 
(LPBOD[1:0] = [1,0]) 
re a a Any clock source 256 (1/ Frc) 
(LPBOD[1:0] = [1,1]) 


BOD Operation Mode 


Normal operation: 32 (1/Fsys) 
Normal mode HIRC/HXT/ECLK Idle mode: 32 (1/Fsys) 
(LPBOD[1:0] = [0,0]) Power-down mode: 2 (1/Fuirc) 


LIRC/LXT 2 (1/Furc) 


Low power mode 1 

(LPBOD[1:0] =[0,1}) | Ary cleck source 18 (1/Furc) 
Low power mode 2 Any clock source 66 (1/Furc) 
(LPBOD[1:0] = [1,0]) 

Low power mode 3 Any clock source 258 (1/ Func) 
(LPBOD[1:0] = [1,1]) 
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25. RESET 


The N76E616 has several options to place device in reset condition. It also offers the software flags to 
indicate the source, which causes a reset. In general, most SFRs go to their Reset value irrespective 
of the reset condition, but there are several reset source indicating flags whose state depends on the 
source of reset. User can read back these flags to determine the cause of reset using software. There 
are five ways of putting the device into reset state. They are power-on reset, brown-out reset, external 


reset, WDT reset, and software reset. 
25.1 Power-On Reset 


The N76E616 incorporates an internal power-on reset. During a power-on process of rising power 
supply voltage Vpp, the power-on reset will hold the MCU in reset mode when Vpp is lower than the 
voltage reference threshold. This design makes CPU not access program flash while the Vpp is not 
adequate performing the flash reading. If an undetermined operating code is read from the program 
flash and executed, this will put CPU and even the whole system in to an erroneous state. After a 
while, Vpp rises above the threshold where the system can work, the selected oscillator will start and 
then program code will executes from OOOOH. At the same time, a power-on flag POF (PCON.4) will 
be set 1 to indicate a cold reset, a power cycle reset complete. Note that the contents of internal RAM 
will be undetermined after a power-on. It is recommended that user give initial values for the RAM 
block. 


The POF is recommended to be cleared to 0 via software to check if a cold reset or a warm reset 
performed after the next reset occurs. If a cold reset caused by power off and on, POF will be set 1 
again. If the reset is a warm reset caused by other reset sources, POF will remain 0. User may take a 


different course to check other reset flags and deal with the warm reset event. 


PCON — Power Control 
7 


i ae |e ee ee ee ee eee ee ee ee ee 
SMOD_| SMODO | - | POF {| Gri | Gro | PDI 





| RW fT Rw RR RRR 


Address: 87H Reset value: see Table 6-2. SFR Definitions and Reset Values 


Bit Name Description 





4 POF Power-on reset flag 
This bit will be set as 1 after a power-on reset. It indicates a cold reset, a power 
cycle reset complete. This bit remains its value after any other resets. It is 
recommended that the flag be cleared via software. 


25.2 Brown-Out Reset 


The brown-out detection circuit is used for monitoring the Vpp level during execution. When Vpp drops 


to the selected brown-out trigger level (Vgop), the brown-out detection logic will reset the MCU if 
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BORST (BODCONDO.2) setting 1. After a brown-out reset, BORF (BODCONDO.1) will be set as 1 via 
hardware. BORF will not be altered by any reset other than a power-on reset or brown-out reset itself. 


This bit can be cleared via software. 


BODCONO - Brown-out Detection Control 0 (TA protected) 


ES a a a ee a ee ee ee 
| BODEN | - | BOW} | BOF | BORST | BORF | BOS | 





a a (a | (ee ee 


Address: A3H Reset value: see Table 6—2. SFR Definitions and Reset Values 


Bit Name Description 





1 BORF Brown-out reset flag 
When the MCU is reset by brown-out event, this bit will be set via hardware. This 
flag is recommended to be cleared via software. 


25.3 External Reset 


The external reset pin RST is an input with a Schmitt trigger. An external reset is accomplished by 
holding the RST pin low for at least 24 system clock cycles to ensure detection of a valid hardware 
reset signal. The reset circuitry then synchronously applies the internal reset signal. Thus, the reset is 


a synchronous operation and requires the clock to be running to cause an external reset. 


Once the device is in reset condition, it will remain as long as RST pin is low. After the RST high is 
removed, the MCU will exit the reset state and begin code executing from address OOOOH. If an 
external reset applies while CPU is in Power-down mode, the way to trigger a hardware reset is 
slightly different. Since the Power-down mode stops system clock, the reset signal will asynchronously 


cause the system clock resuming. After the system clock is stable, MCU will enter the reset state. 


There is a RSTPINF (AUXR1.6) flag, which indicates an external reset took place. After the external 
reset, this bit will be set as 1 via hardware. RSTPINF will not change after any reset other than a 


power-on reset or the external reset itself. This bit can be cleared via software. 


AUXRi1 - Auxiliary Register 1 


SA SO 
SWRF__|_RSTPINF TOLXTM 
| RW | RW __| 





aw [Rw [Rw] aw 


Address: A2H Reset value: see Table 6-2. SFR Definitions and Reset Values 


Bit Name Description 


6 RSTPINF | External reset flag 
When the MCU is reset by the external reset, this bit will be set via hardware. It is 
recommended that the flag be cleared via software. 
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25.4 Watchdog Timer Reset 


The WDT is a free running timer with programmable time-out intervals and a dedicated internal clock 
source. User can clear the WDT at any time, causing it to restart the counter. When the selected time- 
out occurs but no software response taking place for a while, the WDT will reset the system directly 


and CPU will begin execution from OOOOH. 


Once a reset due to WDT occurs, the WDT reset flag WOTRF (WDCON.3) will be set. This bit keeps 
unchanged after any reset other than a power-on reset or WDT reset itself. User can clear WDTRF via 


software. 


WDCON - Watchdog Timer Conirol (TA protected) 


ee es ee ee ee ee ee ee ee ae ee ee ee ee 


WDTEN WDCLR WDTF WIDPD WDTRF WDPS[2:0] 
Address: AAH Reset value: see Table 6—2. SFR Definitions and Reset Values 
Bit Name Description 
3 WDTRF | WDT reset flag 








When the MCU is reset by WDT time-out event, this bit will be set via hardware. It 
is recommended that the flag be cleared via software. 


25.5 Software Reset 


The N76E616 provides a software reset, which allows the software to reset the whole system just 
similar to an external reset, initializing the MCU as it reset state. The software reset is quite useful in 
the end of an ISP progress. For example, if an ISP of Boot Code updating User Code finishes, a 
software reset can be asserted to re-boot CPU to execute new User Code immediately. Writing 1 to 
SWRST (CHPCON.7) will trigger a software reset. Note that this bit is writing TA protection. The 
instruction that sets the SWRST bit is the last instruction that will be executed before the device reset. 


See demo code below. 


If a software reset occurs, SWRF (AUXR.7) will be automatically set by hardware. User can check it 
as the reset source indicator. SWRF keeps unchanged after any reset other than a power-on reset or 


software reset itself. SWRF can be cleared via software. 
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CHPCON - Chip Control (TA protected) 


a ae Ses 
SWRST_|__IAPFF 





Address: 9FH Reset value: see Table 6-2. SFR Definitions and Reset Values 


Bit Name Description 


7 SWRST | Software reset 
To set this bit as logic 1 will cause a software reset. It will automatically be cleared 
via hardware after reset is finished. 





AUXRi1 — Auxiliary Register 1 
7 


hee eae Se eS eS Ss Sa 
SWRF RSTPINF | T1LXTM TOLXTM 





Address: A2H Reset value: see Table 6-2. SFR Definitions and Reset Values 


Bit Name Description 


7 SWRF | Software reset flag 
When the MCU is reset via software reset, this bit will be set via hardware. It is 
recommended that the flag be cleared via software. 





The software demo code is listed below. 











ANL AUXR1,#01111111b ;software reset flag clear 
CLR EA 

MOV TA, #0AAh 

MOV TA, #55h 

ORL CHPCON, #10000000b ;software reset 


25.6 Boot Select 


The N76E616 provides user a flexible boot selection for variant application. The SFR bit BS in 
CHPCON.1 determines MCU booting from APROM or LDROM after any source of reset. If reset 
occurs and BS is 0, MCU will reboot from address 0000H of APROM. Else, the CPU will reboot from 
address 0000H of LDROM. Note that BS is loaded from the inverted value of CBS bit in CONFIGO.7 


after all resets except software reset. 


CONFIGO.7 CHPCON.1 
CBS O BS 


Load 
Power-on Reset —_ 
Watchgod Timer Reset ;—» Reset and Boot From APROM 
Brown-out Reset _) 

RST Pin Reset —! BS=1 








"——> Reset and Boot From LDROM 





Software Reset 
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Figure 25-1. Boot Selecting Diagram 


CONFIGO 





Factory default value: 1111 1111b 


Bit Name Description 


7 CBS CONFIG boot select 

This bit defines from which block that MCU re-boots after resets except 
software reset. 

1 = MCU will re-boot from APROM after resets except software reset. 
0 = MCU will re-boot from LDROM after resets except software reset. 











CHPCON - Chip Control (TA protected) 


= aa Bae ee ee a, eas (aa ee (| 
SWRST IAPFF IAPEN 
Address: 9FH Reset value: see Table 6—2. SFR Definitions and Reset Values 
Bit Name Description 
1 BS Boot select 








This bit defines from which block that MCU re-boots after all resets. 
0 = MCU will re-boot from APROM after all resets. 
1 = MCU will re-boot from LDROM after all resets. 


[1] BS is initialized by being loaded from the inverted value of CBS bit in CONFIGO.7 after resets except software 
reset. It Keeps unchanged after software reset. 


After the MCU is released from all reset state, the hardware will always check the BS bit 
instead of the CBS bit to determine from which block that the device reboots. 


25.7 Reset State 


The reset state besides power-on reset does not affect the on-chip RAM. The data in the RAM will be 


preserved during the reset. After the power-on reset the RAM contents will be indeterminate. 


After a reset, most of SFRs go to their initial values except bits, which are affected by different reset 
events. See the notes of Table 6-2. SFR Definitions and Reset Values. The Program Counter is 
forced to OOOOH and held as long as the reset condition is applied. Note that the Stack Pointer is also 
reset to 07H and thus the stack contents may be effectively lost during the reset event even though 


the RAM contents are not altered. 


After a reset, all peripherals and interrupts are disabled. The I/O port latches resumes FFH and I/O 


mode input-only. 
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26. AUXILIARY FEATURES 


26.1 Dual DPTRs 


The original 8051 contains one DPTR (data pointer) only. With single DPTR, it is difficult to move data 
form one address to another with wasting code size and low performance. The N76E616 provides two 
data pointers. Thus, software can load both a source and a destination address when doing a block 
move. Once loading, the software simply switches between DPTR and DPTR1 by the active data 
pointer selection DPS (AUXR1.0) bit. 


An example of 64 bytes block move with dual DPTRs is illustrated below. By giving source and 
destination addresses in data pointers and activating cyclic makes block RAM data move more simple 
and efficient than only one DPTR. The INC AUXR1 instruction is the shortest (2 bytes) instruction to 
accomplish DPTR toggling rather than ORL or ANL. For AUXR1.1 contains a hard-wired 0, it allows 


toggling of the DPS bit by incrementing AUXR1 without interfering with other bits in the register. 




















OV RO, #64 ;number of bytes to move 
OV DPTR, #D_Addr ;load destination address 
INC AUXR1 ;change active DPTR 
OV DPTR, #S_Addr ;load source address 

LOOP: 
OVX A,@DPTR ;read source data byte 
INC AUXRL ;change DPTR to destination 
OVX @DPTR,A ;write data to destination 
INC DPTR ;next destination address 
INC AUXRI1 ;change DPTR to source 
INC DPTR ;next source address 
DJINZ RO, LOOP 
INC AUXRI1 ; (optional) restore DPS 


AUXR1 also contains a general-purpose flag GF2 in its bit 3 that can be set or cleared by the user via 


software. 


DPL — Data Pointer Low Byte 


a ae ee er ee ee SS SS SS 





DPL[7:0] 
Address: 82H reset value: 0000 0000b 
Bit Name Description 





7:0 DPL[7:0] | Data pointer low byte 
This is the low byte of 16-bit data pointer. DPL combined with DPH serve as a 16- 
bit data pointer DPTR to address non-scratch-pad memory or Program Memory. 
DPS (DPS.0) bit decides which data pointer, DPTR or DPTR1, is activated. 
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DPH — Data Pointer High Byte 





a= a Ez Ss | oT 
DPH[7:0] 
Address: 83H reset value: 0000 0000b 
Bit Name Description 





7:0 DPH{[7:0] | Data pointer high byte 

This is the high byte of 16-bit data pointer. DPH combined with DPL serve as a 
16-bit data pointer DPTR to address non-scratch-pad memory or Program 
Memory. DPS (DPS.0) bit decides which data pointer, DPTR or DPTR1, is 
activated. 








AUXRi1 - Auxiliary Register 1 
7 


a ee ee ee ee ee ee 
SWRF__| RSTPINF | TiLXTM | TOLXTM 





RW 


Address: A2H reset value: see Table 6—2. SFR Definitions and Reset Values 


Bit Name Description 





3 GF2 General purpose flag 2 
The general-purpose flag that can be set or cleared by the user via software. 





1 0 Reserved 
This bit is always read as 0. 





0 DPS Data pointer select 

0 = Data pointer 0 (DPTR) is active by default. 

1 = Data pointer 1 (DPTR1) is active. 

After DPS switches the activated data pointer, the previous inactivated data 
pointer remains its original value unchanged. 








26.2 96-Bit Unique Code 


Before shipping out, each N76E616 chip was factory pre-programmed with a 96-bit width serial 
number, which is guaranteed to be unique. The serial number is called Unique Code. The user can 


read the Unique Code only by IAP command. Please see Section 21.1 “IAP Commands” on page 132. 
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27. ON-CHIP-DEBUGGER (OCD) 


27.1 Functional Description 


The N76E616 is embedded in an on-chip-debugger (OCD) providing developers with a low cost 
method for debugging user code, which is available on each package. The OCD gives debug 
capability of complete program flow control with eight hardware address breakpoints, single step, free 
running, and non-intrusive commands for memory access. The OCD system does not occupy any 


locations in the memory map and does not share any on-chip peripherals. 


When the OCDEN (CONFIGO.4) is programmed as 0 and LOCK (CONFIGO.1) remains un- 
programmed as 1, the OCD is activated. The OCD cannot operate if chip is locked. The OCD system 
uses a two-wire serial interface, OCDDA and OCDCK, to establish communication between the target 
device and the controlling debugger host. OCDDA is an input/output pin for debug data transfer and 
OCDCK is an input pin for synchronization with OCDDA data. The P3.6/RST pin is also necessary for 
OCD mode entry and exit. The N76E616 supports OCD with Flash Memory control path by ICP writer 


mode, which shares the same three pins of OCD interface. 


The N76E616 uses OCDDA, OCDCK, and P3.6/RST pins to interface with the OCD system. When 
designing a system where OCD will be used, the following restrictions must be considered for correct 


operation: 


1. If P3.6/RST is configured as external reset pin, it cannot be connected directly to Vpp and all 


external reset devices must be disconnected. 
2. If P3.6/RST is configured as input pin P3.6, any external input source must be isolated. 
3. Any external component connected on OCDDA and OCDCK must be isolated. 


27.2 Limitation of OCD 


The N76E616 is a fully-featured microcontroller that multiplexes several functions on its limited I/O 
pins. Some device functionality must be sacrificed to provide resources for OCD system. The OCD 


has the following limitations: 


1. The P3.6/RST pin needs to be used for OCD mode selection. Therefore, neither P3.6 input nor an 


external reset source can be emulated. 


2. The OCDDA pin is physically located on the same pin as P3.4. Therefore, neither its I/O function 


nor shared multi-functions can be emulated. 
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3. The OCDCK pin is physically located on the same pin as P3.5. Therefore, neither its I/O function 


nor shared multi-functions can be emulated. 


4. When the system is in Idle or Power-down mode, it is invalid to perform any accesses because 
parts of the device may not be clocked. A read access could return garbage or a write access might 


not succeed. 


5. HIRC cannot be turned off because OCD uses this clock to monitor its internal status. The 
instruction that turns off HIRC affects nothing if executing under debug mode. When CPU enters its 


Power-down mode under debug mode, HIRC keeps turning on. 


The N76E616 OCD system has another limitation that non-intrusive commands cannot be executed at 
any time while the user’s program is running. Non-intrusive commands allow a user to access MCU 
memory locations, status or control registers with the debug controller. A reading or writing memory or 
control register space is allowed only when MCU is under halt condition after a matching of the 


hardware address breakpoint or a single step running. 


CONFIGO 





Factory default value: 1111 1111b 


Bit Name Description 


4 OCDEN OCD enable 
1 = OCD Disabled. 
0 = OCD Enabled. 
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28. IN-CIRCUIT-PROGRAMMING (ICP) 


The Flash Memory can be programmed by “In-Circuit-Programming” (ICP). In general, hardware- 
programming mode uses gang-writers to reduce programming costs and time to market while the 
products enter the mass production state. However, if the product is just under development or the 
end product needs firmware updating in the hand of an end customer, the hardware programming 
mode will make repeated programming difficult and inconvenient. ICP method makes it easy and 
possible without removing the microcontroller from the system. ICP mode also allows customers to 
manufacture circuit boards with un-programmed devices. Programming can be done after the 
assembly process allowing the device to be programmed with the most recent firmware or a 


customized firmware. 


There are three signal pins, RST, ICPDA, and ICPCK, involved in ICP function. RST is used to enter 
or exit ICP mode. ICPDA is the data input and output pin. ICPCK is the clock input pin, which 
synchronizes the data shifted in to or out from MCU under programming. User should leave these 


three pins plus VDD and GND pins on the circuit board to make ICP possible. 


Nuvoton provides ICP tool for N76E616, which enables user to easily perform ICP through Nuvoton 
ICP programmer. The ICP programmer developed by Nuvoton has been optimized according to the 
electric characteristics of MCU. It also satisfies the stability and efficiency during production progress. 


For more details, please visit Nuvoton 8-bit Microcontroller website: Nuvoton 80C51 Microcontroller 


Technical Support. 
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29. CONFIG BYTES 


The N76E616 has several hardware configuration bytes, called CONFIG, those are used to configure 
the hardware options such as the security bits, system clock source, and so on. These hardware 
options can be re-configured through the parallel Writer, In-Circuit-Programming (ICP), or In- 
Application-Programming (IAP). Several functions, which are defined by certain CONFIG bits, are also 
available to be re-configured by SFR. Therefore, there is a need to load such CONFIG bits into 
respective SFR bits. Such loading will occur after resets. These SFR bits can be continuously 


controlled via user’s software. 
CONFIG bits marked as ‘-‘ should always keep un-programmed. 


CONFIGO 





Factory default value: 1111 1111b 


Bit Name Description 


7 CBS CONFIG boot select 

This bit defines from which block that MCU re-boots after resets except 
software reset. 

1 = MCU will re-boot from APROM after resets except software reset. 
0 = MCU will re-boot from LDROM after resets except software reset. 








6:5 - Reserved 


4 OCDEN OCD enable 
1 = OCD Disabled. 
0 = OCD Enabled. 


3 - Reserved 


2 RPD Reset pin disable 

1 = The reset function of P3.6/RST pin Enabled. P3.6/RST functions as the 
external reset pin. 

0 = The reset function of P3.6/RST pin Disabled. P3.6/RST functions as an 
input-only pin P3.6. 


1 LOCK Chip lock enable 

1 = Chip is unlocked. Flash Memory is not locked. Their contents can be read 
out through a parallel Writer/ICP programmer. 

0 = Chip is locked. Whole Flash Memory is locked. Their contents read 
through a parallel Writer or ICP programmer will be all blank (FFH). 
Programming to Flash Memory is invalid. 

Note that CONFIG bytes are always unlocked and can be read. Hence, once 

the chip is locked, the CONFIG bytes cannot be erased or programmed 

individually. The only way to disable chip lock is execute “Whole Chip Erase”. 

However, all data within the Flash Memory and CONFIG bits will be erased 

when this procedure is executed. 

If the chip is locked, it does not alter the IAP function. 
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CONFIGO 



































Software reset does not reload this bit 





CHPCON 






































CONFIG1 





Factory default value: 1111 1111b 


Bit Name Description 


2:0 LDSIZE[2:0] | LDROM size select 

This field selects the size of LDROM. 

111 =No LDROM. APROM is 18K Bytes. 

110 = LDROM is 1K Bytes. APROM is 17K Bytes. 
101 = LDROM is 2K Bytes. APROM is 16K Bytes. 
100 = LDROM is 3K Bytes. APROM is 15K Bytes. 
Oxx = LDROM is 4K Bytes. APROM is 14K Bytes. 











CONFIG2 


a ae [eee a (ee i ee ee ee el ee ee er ee 
CBODEN | CBOV(1:0] BOIAP_ | cBoRsT | = | 





Pp RW TR 


Factory default value: 1111 1111b 


Bit Name Description 


7 CBODEN CONFIG brown-out detect enable 
1 = Brown-out detection circuit on. 
0 = Brown-out detection circuit off. 








6 - Reserved 


5:4 CBOV[1:0] | CONFIG brown-out voltage select 
11 = Veop is 2.2V. 
10 = Vgop is 2.7V. 
01 = Vegon is 3.8V. 
00 = Veon is 4.3V. 


3 BOIAP Brown-out inhibiting IAP 

This bit decides whether IAP erasing or programming is inhibited by brown-out 
status. This bit is valid only when brown-out detection is enabled. 

1 = IAP erasing or programming is inhibited if Vop is lower than Vgop. 

0 = IAP erasing or programming is allowed under any workable Vpp. 


2 CBORST | CONFIG brown-out reset enable 

This bit decides whether a brown-out reset is caused by a power drop below 
Veop. 

1 = Brown-out reset Enabled. 

0 = Brown-out reset Disabled. 
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CONFIG2 
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Figure 29-2. CONFIG2 Power-On Reset Reloading 












































CONFIG4 


a as a se ee ee es a es ee 
WDTEN(3:0] as (ee ee ee ee ee 
ae een (ee eee ee 





Factory default value: 1111 1111b 


Bit Name Description 


7:4 WDTEN|[3:0] | WDT enable 

This field configures the WDT behavior after MCU execution. 

1111 =WDT is Disabled. WDT can be used as a general-purpose timer via 
software control. 

0101 = WDT is Enabled as a time-out reset timer and it stops running during 
Idle or Power-down mode. 

Others = WDT is Enabled as a time-out reset timer and it keeps running during 

Idle or Power-down mode. 














3:0 - Reserved 
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30. INSTRUCTION SET 


The N76E616 executes all the instructions of the standard 80C51 family fully compatible with MCS-51. 
However, the timing of each instruction is different for it uses high performance 1T 8051 core. The 
architecture eliminates redundant bus states and implements parallel execution of fetching, decode, 
and execution phases. The N76E616 uses one clock per machine-cycle. It leads to performance 
improvement of rate 8.1 (in terms of MIPS) with respect to traditional 12T 80C81 device working at the 
same clock frequency. However, the real speed improvement seen in any system will depend on the 


instruction mix. 


All instructions are coded within an 8-bit field called an OPCODE. This single byte should be fetched 
from Program Memory. The OPCODE is decoded by the CPU. It determines what action the CPU will 
take and whether more operation data is needed from memory. If no other data is needed, then only 
one byte was required. Thus, the instruction is called a one-byte instruction. In some cases, more data 


is needed, which is two or three byte instructions. 


Table 30-1 lists all instructions for details. The note of the instruction set and addressing modes are 


shown below. 


Rn (n=0~7) Register RO to R7 of the currently selected Register Bank. 


direct 8-bit internal data location’s address. It could be an internal data RAM 
location 
(OOH to 7FH) or an SFR (80H to FFH). 


@Ri(i=0,1) 8-bit internal data RAM location (OOH to FFH) addressed indirectly 


through re- 
gister RO or R1. 
#data 8-bit constant included in the instruction. 
#data16 16-bit constant included in the instruction. 
addr16 16-bit destination address. Used by LCALL and LUMP. A branch can 
be any- 
where within the Program Memory address space. 
addr11 11-bit destination address. Used by ACALL and AJMP. The branch will 
be 
within the same 2K-Byte page of Program Memory as the first byte of 
the following instruction. 
rel Signed (2’s complement) 8-bit offset Byte. Used by SJMP and all 
conditional 
branches. The range is -128 to +127 Bytes relative to first byte of the 
following 
instruction. 
bit Direct addressed bit in internal data RAM or SFR. 
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Table 30-1. Instruction Set for N76E616 


N76E616 V.S. 
OPCODE Bytes Clock Cycles | Tradition 80C51 
Speed Ratio 


Sa 
a a a 
a a 
rao A@Ri peers ot dP dT 
a 
Papo An | seer SiS 
FaDoc Adret pas —s«dPs~SeP d 
Fapoc A@Ri fae « + dP dT 
PADDC Afdata fae «iP dP ed 
Psues Arn | eer iPS SCP CT 
Psuss Adret pes + 2 if sd 
rsuss A@R pei + if «| 
suse Afdata fo «i dP ed 
Pinca SC~sSC“‘ OC 
a 
Pinc dre ip os—SC~iC(‘i‘aC 
ss 
rnc opr asd SO dT 


DEC 2 


ross ee 18-1F rr ee ae a 





4 

K 
ee 
ET 

HHP 


bec dec if gp fp 


16.17 Ts | 
U 


a 
DA D 

TaN An | seer +1 Sd] Se Cd] SC 
PANLAvdiect pss Sid SP 
PAN A@R ip saer iP St dP dT 
PANLArfdata psa —Si«dPS SCP ed 
PAN dren ise SSC—~isSC“‘iSd 
PANL direct tdata [so —SC~sSC“‘ SSC*dPS OC 
Port Arn | ear 
a a 
Pont A@R pari ot dP dT 
a a 
POR: dren ip SC~=~—sS“‘i dS 
A 
Pere An eed CP 
PxRC Acie pes OCSC~sS(“‘i dC 
Peet A@R Cp ose? CdSCi 
PxRC A tdata ip es SC~sSC“‘ dC 
Pwr recipe iP Se dP dT 
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Table 30-1. Instruction Set for N76E616 


N76E616 V.S. 
OPCODE Bytes Clock Cycles | Tradition 80C51 
Speed Ratio 


6 
2 
3 





XRL direct, #data 
CLR 
CPL 
RL 


a Ps 
RR os 
= ir a 


SWAP A 
E8~EF 


Pl P>l|rl>\|> 
fo) 
o 


i 


MOV 
MOV _ A, direct 


MOV A, @Ri E6, E7 


MOV A, #data [7400 
MOV Fn, A 
MOV _ Rn, direct 
MOV _ Rn, #data 
OV direct, A | FS 
OV direct, Rn 
MOV _ direct, direct 
OV direct, @Ri 
OV direct, #data 
MOV @RiA 
MOV @Ri, direct 
MOV @Ri, #data 


MOV _ DPTR, #data16 


MOVE A, @A+DPTR 


3 
E4 
F4 
3 
3 
13 
C4 
E5 
74 
F5 
8~8F 
5 
6, 87 
5 
3 
MOVC A, @A+PC 3 
EO 
FO 
co 
C8~CF 
C5 
C6, 
C3 
C2 
D3 
D2 
B3 
B2 


: | 
Bs) 
3 
ie) 


=/=< 


= 
iN 
foe} 


= 


MOVX A, @Ri™ E2, E3 


MOVX A,@DPTR™ | EO | 
MOVX @Ri, A 
MOVX @DPTR, A"! 
PUSH | direct 


OP direc Poo 


& 
foe} 


U 


XCH 
XCH A, direct 
XCH A, @Ri 6, C7 


XCHD_ A, @Ri D6, D7 


CLR 


> 
Bs) 
3 


oO 

= 

a 
oO 


b 


SETAC Pos 


> 


SETB bit 
CPL 
CPL 


i?) 





=i ek ER es ajoafiafaja}jiafa]ja 
wlrm}olrm]o]rirml[o] a AIA F KR F ola} rm]m]rm}rm]rm]rm]rmlrp 
iN 0 


S 
~~ 


Feb 20, 2016 Page 169 of 179 Rev. 1.01 


nuvoTON N76E616 Datasheet 
OQ! OOOO 


Table 30-1. Instruction Set for N76E616 


N76E616 V.S. 
OPCODE Bytes Clock Cycles | Tradition 80C51 
Speed Ratio 


a 
PAN Crit BO 
Ovi 
ET 





ao 


M 
2 
91, B1, D1, F17! 
81, A1, C1, E1®! 
02 
73 


re 
J 

J re 
J re 
J re 
J re 
J 

J 


| 
JBC bit, rel 10 


Z 

NZ 

Cc 

NC 
NB 

B 


CJNE A, direct, rel B5 
CJNE_ A, #data, rel B4 
CJNE Rn, #data, rel B8~BF 


CJNE @Ri, #data, rel B6, B7 
DJNZ Rn, rel D8~DF 


DJNZ direct, rel D5 


[1] The N76E616 does not have external memory bus. MOVX instructions are used to access 
internal XRAM. 

[2] The most three significant bits in the 11-bit address [A10:A8] decide the ACALL hex code. 
The code will be [A10,A9,A8,1,0,0,0,1]. 

[3] The most three significant bits in the 11-bit address [A10:A8] decide the AJMP hex code. 
The code will be [A10,A9,A8,0,0,0,0,1]. 
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31. ELECTRICAL CHARACTERISTICS 


31.1 Absolute Maximum Ratings 


[Parameter ———S«YSSSCSRatng += 
Operating temperature under bias (Ta) -40 to +105 


Storage temperature range -55 to +150 
Voltage on VDD pin to GND pin -0.3 to +6.3 


Voltage on any other pin to GND pin -0.3 to (Vpp+0.3) 





Stresses at or above those listed under “Absolute Maximum Ratings” may cause permanent damage 
to the device. It is a stress rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this specification is not implied. 


Exposure to absolute maximum rating conditions may affect device reliability. 
31.2 D.C. Electrical Characteristics 


Table 31-1. D.C. Electrical Characteristics 


Srbal] ___Perameier ‘| Canaiton | win] Ty] wax [un] 


Supply voltage 


[vi [operatravotage __—_‘[racwiowe | ea | ~ | ss [v | 
0 


Vit Input low voltage Vpp-0.3 0.2Vpp-0.1 V 
Ld (VO with TTL input) cay Sou Be 
Input low voltage Vpp-0.3 0.3Vpp 
(I/O with Schmitt trigger input and | 2.4V < Vpp < 5.5V 
XIN) 


Input high voltage 0.2Vpp+0.9 Vpp+0.3 
eit /O with TTL input) Ba NOD OaN 
Vint | Input high voltage 0.7Vpp Vpp+0.3 V 
(VO with Schmitt trigger input 2.4V < Vop < 5.5V 
RST, and XIN) 


7 Output iow voltage” Voo = 45V, la = 10mA ee er 








(Normal output strength, all modes 
except input-only) Von = 3.0V, lo. = 7MA 


Vpbp = 2.4V, lot =5mA 


Vot1 | Output low voltage! Vpop = 4.5V, lo. = 32mA 
(P1.0 to P1.3 with large output 
strength, all modes except input- Vop = 3.0V, lo. = 24mA 


ca) eee 
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Srmbal] Parameter ‘| Canaiton | Win [ Twp Wax [ unt] 


Output high voltage 
(quasi-bidirectional mode) 


Output high voltage 
(Normal output strength, push-pull 
mode) 


Output high voltage 
(P1.0 to P1.3 with large output 
strength, push-pull mode) 


Logical 0 input current 


lit i i 
(quasi-bidirectional mode) 


12] 


oO 
A 
_ 
Zz 
A 
< 
oO 
ie] 


TL Logical 1-to-0 transition current 
(quasi-bidirectional mode) 


lu 


Rrst 
Supply current 


Normal operating current"! 


Idle mode current 


Power-down mode current (BOD 
off, LXT off) 


Power-down mode current (BOD 
off, LXT on, XTGS[1:0] = [0,1]) 


Feb 20, 2016 


Input leakage current 
open-drain or input-only mode 


RST pin internal pull-low resistor 





feo=4Bv. vaso 24 [- | - | v 
Noo 9.0v.tov=-ova [24 [| - | -_ 
Noo=24v.tov=-soua [20 | - | _-_ 
Noo= 45¥,fov=-ama | 2a [|_| v 
Noo 90V.lov=-s5ma_[ 24 | |__| 
Noon 2aV. vasa 20 | | 


Vop = 4.5V, lon = -32mA 
= 3.0V, lon = -8mA 

Vop = 2.4V, lon = -4mA 

Vop = 5.5V, Vin = 0.4V 





Vop = 5.5V, Vin = 2.0V 


= 
> 


2.4V < Vpp < 5.5V 


ro) 


3 
> 


HXT, Vpp = 5.0V 
HXT, Vpp = 3.3V 
HIRC, Vop = 5.0V 
HIRC, Vop = 3.3V 
LXT, Vop = 5.0V 
LXT, Vop = 3.3V 
LIRC, Vop = 5.0V 
LIRC, Vop = 3.3V 
HXT, Vpp = 5.0V 
HXT, Vpp = 3.3V 
HIRC, Vop = 5.0V 
HIRC, Vop = 3.3V 
LXT, Vop = 5.0V 
LXT, Vop = 3.3V 
LIRC, Vop = 5.0V 
LIRC, Vop = 3.3V 
= 25°C 


3 


HXT Voo=5.0V ma | 
HXT Voo=3.8V_ = 
HIRC, Voo=5.0V_ 
HIRC Voo=33V_ | La 
XT. Voo=5.0V_ 
XT. Voo=33V_ = 
IRC Voo=5.0V_ 
IRC Voo=33V_ Ea 
HAT, Voo=5.0V 
XT Voo=3.3V_ _ 
HIRC, Voo=5.0V_ | 
HIRC, Voo=3.3V_ | Lo 
[XT Voo=S.0v_ 
XT Voo=33v_ Lo4 
IRC, Voo=5.0V | 
URC Voo=33v_ | = 
Ea 
al 
Ea 


= 
> 

I 
<= 


= -40°C to +105°C 


<= 


a[ a 
> > 
I I 
cz 


= 25°C 


=] 
> 
I 


= -40°C to +105°C 


= 
> 
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[1] Under steady state (non-transient) conditions, lo. must be externally limited as follows, 
Maximum lot per port pin: 40mA 
Maximum total lot for all outputs: = 120mA 
[2] Pins of all ports in quasi-bidirectional mode source a transition current when they are being externally driven 
from 1 to 0. The transition current reaches its maximum value when Vin is approximately 2V. 





[3] It is measured while MCU keeps in running “SUMP $” loop continuously. All pins of ports are configured as 
quasi-bidirectional mode. 
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31.3 A.C. Electrical Characteristics 


Table 31-2. System Clock A.C. Electrical Characteristics 


External clock input frequency (ECLK) 


1/tcic. |High-speed crystal/resonator frequency (HXT) 
Low-speed crystal/resonator frequency (LXT) 
tcHcx External clock input high time 
tcLcx External clock input low time 
tcLcH External clock input rise time 


tcHcL External clock input fall time 


0.7VCC 
0.2Vcoc-0.1 


tcHcL —> 





Figure 31-1. External Clock Input Timing 


Table 31-3. Internal Oscillator A.C. Electrical Characteristics 


ye Frequency 
High-speed 11.059 MHz Vop = 5.0V, +1% 10.948 11.059 11.170 -) 
oscillator frequency (HIRC) Ta =25C 


Vop = 2.4V to 5.5V, caw ee 506 11. ca 
Ta = -40°C to +1 tae 


Fuirc |Low-speed 10 kHz oscillator Vop = 2.4V to 5.5V, 50% kHz 
frequency (LIRC) Ta = -40°C to +105°C 


Table 31-4. Power-Down Wake-Up A.C. Electrical Characteristics 


Power-down wake-up time Fsys = HIRC | - | 40 [| us 


Table 31-5. External Reset Pin A.C. Electrical Characteristics 


Simbel] Parameter [| _Conaiion [| Win | Tm | wox | nt 











RST pin detect pulse width Vop = 2.4V to 5.5V Lo | 24/Fsys 
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31.4 Analog Electrical Characteristics 


Table 31-6. POR Electrical Characteristics 


Power-on reset voltage Ta = -40°C to +105°C 1.6 


Power-on reset release delay | Vpp = 2.4V to 5.5V 


Table 31-7. BOD Electrical Characteristics 


Symbol Condition 
sOvirO}= 100 
B0vt01= (0.1 
BOvtro}= [1.0 
BOvto1= [1 
LPBOD[1:0] = [0,0] only 
IBop | Brown-out quiescent current pp = 5V, LPBOD[1:0] = [0,0] | 180 | 
Poo =sv.uPeoorrol=on7 | | 2 | 35 _| 
oom sv.uPsooro=0 | - | 6 | 9 _| 
Poo=sv.tpeoorroi=nar | | 2 | 38_| 
Brown-out enable time pp = 2.4V to 5.5V | 2 [| = | 38 | ture | 


Table 31-8. Band-gap Electrical Characteristics 


Table 31-9. ADC Electrical Characteristics 


Symbol] Parameter [Condon [win | Twn [| wax | oni | 
Pes | - | ss |v 
van [anacgmpitvetage [SS 























p = 2.4V to 5.5V, 
Differential non-linearity error |Ta = -40°C to +105°C, 
Conversion rate = 300 ksps 


Vpp = 2.4V to 5.5V, 
Ta = -40°C to +105°C, 





Vop = 5V, Ta = 25C, 
Conversion rate = 300 ksps 
Vb 

DNL 
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eval] Parameter_[_conaiton ‘| win [ Te | Wor [ Unt | 
a 


Vop = 5V, Ta = 25C, +2 LSB 
Conversion rate = 300 ksps 
Vop = 2.4V to 5.5V, -4.5 +2.5 LSB 
INL Integral non-linearity error Tag Oe tet, 
g y Conversion rate = 300 ksps 
Vop = 2.4V to 5.5V, -1.5 +1.5 LSB 
Ta = -40°C to +105°C, 
Conversion rate = 150 ksps 
Vop = 2.4V to 5.5V, -1 +3 LSB 
Ta = -40°C to +105°C, 
Conversion rate = 300 ksps 
OE | Offset error 
Vop = 2.4V to 5.5V, -1 +2.5 LSB 
Ta = -40°C to +105°C, 
Conversion rate = 150 ksps 
FE Full scale error Vpp = 2.4V to 5.5V, -3 -0.5 LSB 
Ta = -40°C to +105°C, 
Conversion rate = 300 ksps 
Vop = BV, Ta = 25°C, 
Conversion rate = 300 ksps 
Vpp = 2.4V to 5.5V, 
TUE 


Ta = -40°C to +105°C, 
Conversion rate = 300 ksps 


Total un-adjust error Vop = BV, Ta = 25°C, +2.5 LSB 
Ta = -40°C to +105°C, 
Conversion rate = 150 ksps 
Vop = 2.4V to 5.5V, +4 LSB 
Ta = -40°C to +105°C, 
Conversion rate = 150 ksps 


ADC clock frequency Voo = 2.4V to 5.5V | oot | - | 4 | MHz 
DD = . 


programmable) 
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Table 31-10. LCD Driver Electrical Characteristics 


[ico [tGDeppyvotace if SSSSCS~dC 


LCD supply current Vicp = 5V, RSEL[1:0] = [0,0], 
frame rate = 64 Hz, 1/4 duty, 1/3 
bias, all SEG pins enable, display 
disconnect 


Vico = 5V, RSEL[1:0] = [0,1], 
frame rate = 64 Hz, 1/4 duty, 1/3 
bias, all SEG pins enable, display 
disconnect 


Vico = 5V, RSEL[1:0] = [1,0], 
frame rate = 64 Hz, 1/4 duty, 1/3 
bias, all SEG pins enable, display 
disconnect 





Feb 20, 2016 Page 177 of 179 Rev. 1.01 


nuvoTon N76E616 Datasheet 
GG 


32. PACKAGE DIMENSIONS 


































































































































































































































































































































































































































































































COTROL DIMENS ILLIMET 














SYMBOL 











0.004} 0.0 





0.055} ( 





0.276] 0 





Mm |O 


0.276] 0.280 





0.020 |0.026 





0.354 | 0.358 





0.354 | 0.358 





0.024] 0.030 





0.039} —— 





OlTl]rIlmM/Ojlo 


0.09 OC 0.0079} 





@O 


oO ° 0 7 
0.17 | 0.2 : nel .0087/0.011 





























© 








Figure 32-1. LQFP-48 (7x7x1.4mm footprint 2.0mm) Package Dimension 
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33. DOCUMENT REVISION HISTORY 


a 


2016/2/20 . Chapter.4 Modify pin assignment part no. name add N76E616AL48 into 
the picture 
Chapter 5. Modify RAM access description. 


Before: All bytes in the lower 128 Bytes space can be accessed by either 
direct or indirect addressing. Indirect addressing can only access the 
upper 128 Bytes. 

After: Either direct or indirect addressing can access the lower 128 Bytes 
space. But the upper 128 Bytes can only be accessed by indirect 
addressing. 





Important Notice 


Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any 
malfunction or failure of which may cause loss of human life, bodily injury or severe property 
damage. Such applications are deemed, “Insecure Usage”. 


Insecure Usage includes, but is not limited to: equipment for surgical implementation, atomic 
energy control instruments, airplane or spaceship instruments, the control or operation of 
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all 
types of safety devices, and other applications intended to support or sustain life. 


All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay 
claims to Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the 
damages and liabilities thus incurred by Nuvoton. 


Please note that all data and specifications are subject to change without notice 
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners. 
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